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Objectives: This study investigated the effects of chitosan, capsicum and chitosan and capsicum com-
bined (Capsicum annuum) on Gram-positive pathogenic bacteria, such as Staphylococcus aureus, and
Gram-negative bacteria, such as Salmonella typhimurium and Pseudomonas aeruginosa.
Methods: The obtained extracts were categorised as chitosan, capsicum and chitosan and capsicum com-
bined. The antimicrobial action of the extracts was determined by the inhibition zone compared to the
control. Antimicrobial bioassays using S. typhimurium, P. aeruginosa and S. aureus were performed on
the extracts.
Results: The antimicrobial profiles showed that the chitosan and capsicum combined possessed antimi-
crobial effects. This is mostly attributed to the high concentration of components that possess antibacte-
rial action. The growth of bacterial pathogens was inhibited by all samples of capsicum with chitosan, but
the largest inhibition zone was against S. typhimurium (18 mm) with a capsicum and chitosan concentra-
tion of 10 mg/ml.
Conclusion: The combination of chitosan and capsicum can be effective against pathogenic bacteria. This
is an innovative approach to enhancing these extracts’ antibacterial activity. Further investigation is
required to explore further aspects of these extracts’ antimicrobial activity against pathogenic bacteria.
The observed results showed that chitosan and capsicum were more active against S. aureus.
� 2022 King Faisal University. Published by Elsevier B.V. on behalf of King Saud University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Chitosan as a linear polysaccharide consisting of 1–4 linked d-
glucosamine (deacetylated and acetylated units) of N-acetyl-d-
glucosamine. It used widely in industrial and medicinal applica-
tions. Chitosan is produced from the shell of shrimp, some fungi,
seashells and other marine crustaceans and is widely used for mul-
tiple purposes (Wansapura et al., 2017; Sami et al., 2021b; Kumar
and Neeraj, 2019). Chitosan is commonly used as an agent against a
wide scope of microorganisms cellular components. Polysaccha-
ride components have excellent properties, including nontoxic,
antioxidant, antimicrobial, antifungal and good nutrient profiles
(Kumar and Neeraj, 2019). This results in microbial death caused
by the hydrolysis of peptidoglycans, including intracellular elec-
trolytes (Rokayya et al., 2021; Sami, et al., 2021a, 2021b, 2021c,
2021d).

The charge given by chitosan chains results in the protonation
of amino acid compounds by methylation, which brings up the
thickened layer of charged polymeric particles. This then leads to
proficient antimicrobial movement. Thus, in the current investiga-
tion, chitosan polymers were evaluated against Gram-positive and
Gram-negative bacteria, specifically Staphylococcus aureus and
Escherichia coli as classic microbes. Outcomes gained from turbid-
ity estimations varied according to materials and S. aureus develop-
ment, while the E. coli strain was less sensitive to the Capsicum
annuum and chitosan. Moreover, antimicrobial adequacy was
firmly subjected to complex, spatial polymer adaptation (Goy
et al., 2016; Sami, 2021a, 2021b, 2021c, 2021d; Sami et al., 2021a).

The Capsicum spp. of peppers are a vital, economical crop part of
the Solanaceae family. The crop farming of chili peppers has
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increased gradually worldwide over the last two decades, with 3.8
million/m2 of land devoted to the farming of this crop. In 2017,
40.7 million tonnes of peppers were produced (Kang et al., 2020).
A previous work produced capsicum extracts using an agar diffu-
sion method that had a deleterious effect on microbes, including
Salmonella typhimurium, S. aureus, Listeria monocytogenes and Bacil-
lus cereus (Dorantes et al., 2000a). Pseudomonas aeruginosa also
showed sensitivity to the extracts (Dorantes et al., 2000b). Further-
more, all chitosan films enriched with pomegranate peel exhibited
significant antibacterial activity against E. coli (Pratibha et al.,
2021a, 2021b).

The aim of this work was to elucidate the antibacterial activity
of chitosan microparticles combined with capsicum extracts on S.
aureus, P. aeruginosa, E. coli and S. typhimurium. The extracts were
prepared by combining chitosan microparticles and capsicum
(10 lg ml�1 and 5 lg ml�1) to determine their impact on
multidrug-resistant bacteria.
2. Materials and methodology

2.1. Microbial strains and culture conditions

S. typhimurium, S. aureus and P. aeruginosa were collected from
the Microbiology Department of the College of Medicine at King
Faisal University, Saudi Arabia, and were preserved in Mueller–
Hinton agar. Strains were cultured in nutrient broth for up to
24 h at a temperature of 35 �C. Conditions were standardised to
0.5 using a McFarland nephelometer, with 108 CFU/ml used to pre-
pare the inoculum (Warren, 1985). To create dilutions, a Meat Pep-
tone 0.1 % solution and the plate count method were used while
checking bacterial viability and the concentration of bacterial
inoculum.

2.2. Preparing the capsicum aqueous extract

To prepare the capsicum aqueous extracts, bell peppers (Cap-
sicum annuum) were purchased from a local market in Saudi Arabia
(Al-Ahsa, Saudi Arabia). Crops and fruits were at the half-ripe
maturity stage. Peppers were rinsed with water and blotted by
towel. Then, an equal amount w/w of peppers with seeds and etha-
nol were homogenised using a blender (Panasonic). The mixture
was then shaken for about 15 min before filtering with No. 4 paper.
Then, 15 g of active charcoal was added to 1lL of the solution to
separate interfering substances. The filtrate was collected after
10 min of evaporation in a vacuum at a temperature of 75 �C.

2.3. Preparing the chitosan

Chitosan was obtained from Biotech. Co. ltd. (Korea), and the
molecular weight was approximately 50,000–190,000 Dal-
tons based on viscosity with 75–85 % deacetylation. Capsicum
extract and glycerol (1 %) as plasticizers were added to the pre-
pared chitosan solutions and stirred for 60 min at room tempera-
ture (23 ± 2◦C). The chitosan solution amount was determined by
dissolving it in 1 % acetic acid at a concentration of 5 or 10 ug ml�1.

2.4. Antibacterial bioassay

The extract with antibacterial potency created using capsicum
and chitosan was assessed against the microbial activity of E. coli,
S. aureus, P. aeruginosa and S. typhimuriu. Extract sensitivity was
examined using the modified Kirby–Bauer disc diffusion suscepti-
bility protocol. For the antibacterial analyses, sterilised paper discs
6 mm in diameter were inundated with 30 ll of extract. The dried
soaked discs were placed on a nutrient agar medium with inocu-
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lum made of bacterial suspensions (0.85 g NaCl in 100 ml- 1 of dis-
tilled water). To ensure the diffusion of bioactive extract, plates
were kept in the medium for almost 2 h at 4 �C and then incubated
at 37 �C. As a negative control, the discs were sterilised with 30 ll
of distilled water, while the positive control discs were treated
with chloramphenicol (5 %) for comparison. The plates were then
incubated for 24 h, during which the diameters of the inhibition
zones (mm) were assessed. Data were taken in triplicate, after
which the average and standard deviation (SD) were documented
(Al dayel et al., 2020). The antimicrobial bioassay using an aqueous
solution of capsicum and chitosan at 5 and 5 ug/ml against E. coli, S.
aureus, P. aeruginosa and S. typhimurium, which are multidrug-
resistant strains, was performed.

2.5. Colony-forming unit (CFU)

The culture was mixed with saline to a density of 5 � 105 CFU/
ml (Wayne et al., 2008). The antibacterial activity was determined
using the agar dilution technique involving Mueller–Hinton agar
media. As the positive control, vancomycin 15 mcg/ml in the form
of discs was used (VA, 30 lg, Oxoid, Basingstoke-Hampshire, UK).
Petri dishes were used to incubate the samples for 24 h at 37 �C.
The MIC did not show any bacterial growth, while MICs with
250 lg/ml of extract were considered.

2.6. Effects of chitosan and capsicum aqueous extract tested according
to alkaline phosphatase in S. aureus, P. aeruginosa and S. typhimurium

2.6.1. Screening of ALP by bacteria
S. aureus, P. aeruginosa and S. typhimurium were tested for ALP

activity by culturing on Heart Infusion Agar (Difco) with phenolph-
thalein bisphosphate tetrasodium salt 0.01 % (Sigma) and 10 %
NaCl incubated at 37 �C for about 48 h. Pink colonies were selected
to confirm isolates producing ALP. Strains were inoculated in 5 ml
broth from JCM (no. 377) and incubated on a rotary shaker at 37 �C
(150 rpm) for 24 h to culture the bacteria. The seed culture broth
with 0.5 ml of inoculum was transferred to a 50 ml JCM no. 377
broth medium and incubated under the mentioned conditions.
The culture was then centrifuged at 10,000 rpm (13,300 g) at
4 �C for about 10 min, and the obtained volume of supernatant
was used to detect ALP enzyme activity (Barber & Kuper, 1951).

2.6.2. ALP activity assay
ALP activity was assessed using the Helianti method. The reac-

tion mixture contained 1.0 ml of 10 mM p-nitrophenylphosphate
(pNPP) by Sigma and 0.2 M Tris-HCl buffer with a pH of 10. The
mixture had 5 mM MgCl2, and 0.1 ml of crude enzyme from the
inoculum was taken for incubation at 37 �C for about 15 min.
The procedure was stopped when 1 ml of 1 M NaOH was produced.
Then, absorbance at a wavelength of 405 nm was measured
(Helianti et al., 2007). The protein content was assessed using
the optimised Lowry method involving bovine serum albumin
(Lowry et al., 1951).

2.7. Effect of aqueous chitosan and capsicum extract on the membrane
potential of S. aureus, P. aeruginosa and S. typhimuriu

2.7.1. Measurement of membrane potential
The protocol used by Sánchez et al. (2010) was followed,

although with some modifications. The S. aureus and S. typhimur-
ium cultures were incubated overnight and diluted in broth to
achieve a cell density up to 1 � 107 CFU/ml. Suspensions treated
with extracts were incubated at 25 �C for 10 min at 0.5 lg/ml. Flu-
orescence intensity was measured using a fluorescence spec-
trophotometer (Cary Eclipse G9800A, Agilent Technologies
Trading Co., ltd., Shanghai, China) at wavelengths of 492 nm and
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515 nm, respectively, and the membrane potential-sensitive fluo-
rescent probe, specifically the DiBAC4 (bis-(1,3-dibutylbarbituric
acid) trimethine oxonol) probe (Life Technologies, Eugene, OR,
USA), was used in the dark for 5 min.

2.8. Effects of aqueous chitosan and capsicum extract on the LDH
activity of S. aureus, P. aeruginosa and S. typhimuriu

2.8.1. Organism harvesting and growth
In the aerobic condition, the cells were cultured by incubation

at 37 �C in a 2.5 L flask containing 0.5 to 1.0 L culture medium.
The flask was placed on a reciprocal shaker at 80 cycles/min. The
growth harvested during the late exponential phase was taken
for centrifugation at a speed of 2,500 X g for 10 min at 4 �C and
washed using 0.05 M potassium phosphate buffer having a pH of
6.5 before being stored at �20 �C.

2.8.2. Preparation of cell-free extracts
Cell culture suspensions with 20 ml of potassium phosphate

buffer (0.05 M and pH 6.5) were maintained in a pre-cooled French
pressure cell. To remove cell debris, centrifugation at 27,000 X g for
15 min at 4 �C left behind 0.3 mg/ml protein content.

2.8.3. LDH assay
The LDH assay was conducted for the extract with 1 ml potas-

sium phosphate buffer at pH 6.5 (50 lmol; sodium pyruvate: 2.5
lmoles; NADH2: 0.136 lmol) and from 1 to 10 lg protein. Pyru-
vate was added to initiate the reaction to measure the endogenous
NADH2 oxidase activity. The optical density (OD) was taken at
340 mA using a Zeiss M4 QIII spectrophotometer (Carl Zeiss, Inc.,
New York). Assays were conducted at 24 �C.

3. Statistical analyses

The data from all measurements were acquired using the STA-
TISTICA 6.0 program for the analysis of variance (ANOVA) and mul-
tivariate ANOVA (MANOVA) (StatSoft, 2001). The mean difference
between the treatment groups was evaluated at a probability level
of p = 0.05.

4. Results

4.1. Antibacterial susceptibility testing

For the final concentration, the culture was diluted using sterile
saline to 5 � 105 CFU/ml. Potential antimicrobial activity was eval-
uated using the agar dilution technique. Vancomycin was used as
the positive control. The petri dishes were incubated for 24 h at
37 �C. The MIC of compounds at � 250 lg/ml was considered
effective.

4.2. Antibacterial activity of aqueous chitosan and capsicum extract

We assessed the antibacterial potential of chitosan and cap-
sicum at different concentrations, including chitosan 10 mg/ml,
capsicum + chitosan 10 mg/ml, and capsicum 10 mg/ml and cap-
Table 1
The anti-bacterial activity of Chitosan and Capsicum extract (MIC/MBC lg/ml).

Bacteria Extract

chitosan 10 mg/ml capsicum + chitosan 10 mg/ml

Pseudomonas aeruginosa 250/250 >1000
Staphylococcus aureus 62.5/125 >1000
Salmonella typhimurium 62.5/250 >1000

3

sicum + chitosan 5 mg/ml. The capsicum + chitosan 10 mg/ml con-
centration showed antibacterial responses according to their
bacteriostatic and bactericidal properties mentioned in Table 1.
Variances were detected for different concentrations. Cap-
sicum + chitosan 10 mg/ml was the most active, while cap-
sicum + chitosan 5 mg/ml showed the lowest activity.
Interestingly, because capsicum + chitosan 10 mg/ml was found
to be the most active, this suggests that capsicum + chitosan
10 mg/ml is an effective combination. The basic structure of natu-
rally occurring chitosan can be seen in Fig. 1 and Fig. 2.
4.3. Antibacterial bioassay

Table 2 summarises the concentrations of the aqueous cap-
sicum and chitosan extracts. Chitosan 10 mg/ml, capsicum
10 mg/ml and capsicum + chitosan 5 mg/ml were ineffective
against S. aureus. However, capsicum + chitosan 10 mg/ml was
effective. The yield from the negative control presented no inhibi-
tion zone (0 cm).
4.4. Effects of coumarin, LDH and ALP activity on membrane potential

The effects of chitosan and capsicum extracts on the membrane
potential of bacteria were assessed. The results showed that chi-
tosan 10 mg/ml, capsicum 10 mg/ml, capsicum + chitosan 5 mg/
ml and capsicum + chitosan 10 mg/ml caused an increase in the
electrostatic discharge on the membrane potential compared to
other bacterial infections. The membrane potential of S. aureus
was increased for capsicum + chitosan 10 mg/ml compared to
the control and chitosan 10 mg/ml, capsicum 10 mg/ml alone
and capsicum + chitosan 5 mg/ml, followed by P. aeruginosa and
S. typhimurium which less increase than S. aureus. Only S. aureus
was significantly altered by the chitosan and capsicum combina-
tion. Capsicum + chitosan 10 mg/ml yielded the highest broken
membrane potential compared to the other concentrations in S.
aureus, P. aeruginosa and S. typhimurium (Table 4).

The quantification of enzyme activity (LDH) suggested that the
chitosan and capsicum extracts strongly affected the bacterial cell
wall by increasing enzyme activity. The media containing the cap-
sicum + chitosan 10 mg/ml was most effective compared to the
other concentrations (Table 3). Among all concentrations, cap-
sicum + chitosan 10 mg/ml showed the highest effect on ALP and
LDH. These enzyme activity was higher and more significant in S.
aureus, while only capsicum 10 mg/ml decreased LDH activity in
S. aureus, P. aeruginosa and S. typhimurium as mentioned in Table 5.
5. Discussion

Chitosan is made commercially by deacetylating chitin. Chi-
tosan is a bio-adhesive that easily adheres to negatively charged
surfaces, including membranes. Nonviral gene transfer uses tri-
methyl chitosan as a derivative component. Chitosan also protects
against fungal infections and has the capacity to clot blood quickly.
Therefore, it is now used in bandages and other haemostatic agents
(Bose & Wong, 2018).
Positive control

capsicum 10 mg/ml capsicum + chitosan 5 mg/ml

>1000 >1000 125/250
125/250 >1000 62.5/125
62.5/500 >1000 62.5/125



Fig. 1. Chemical structure of isolated and purified chitosan compounds (Jorge López-García et al., 2014).

Fig. 2. Antibacterial activity of chitosan and Capsicum annuum. Agar disc diffusion technique displaying the antibacterial action of chitosan and Capsicum annuum against
three bacterial strains at MIC values. Data are expressed as the mean zone of inhibition in mm. A is S. aureus, B is Pseudomonas aeruginosa and C is Salmonella typhimurium. 1 is
capsicum + chitosan 10 mg/ml,2 capsicum + chitosan 5 mg/ml, 0.2 is capsicum 10 mg/ml, T is chitosan 10 mg/ml and A is Imipenem 10 lg.

Table 2
anti-bacterial activity with zone of inhibition of capsicum and chitosan extract.

Bacterial pathogen Treatment Inhibition zone
before exposure

S. aureus Chitosan 10 mg/ml 5 ± 0.1 ab

S. aureus Capsicum 10 mg/ml 6 ± 0.01 a

S. aureus capsicum + chitosan 5 mg/ml 12 ± 0.2b

S. aureus capsicum + chitosan 10 mg/ml 16 ± 0.2c

Pseudomonas aeruginosa Chitosan 10 mg/ml 5 ± 0.06 ab

Pseudomonas aeruginosa Capsicum 6 ± 0.1b

Pseudomonas aeruginosa capsicum + chitosan 5 mg/ml 9 ± 0.1 ab

Pseudomonas aeruginosa capsicum + chitosan 10 mg/ml 13 ± 0.2c

Salmonila typhimuriu Chitosan 10 mg/ml 6 ± 0.05c

Salmonila typhimuriu Capsicum 10 mg/ml 7 ± 0.1 a

Salmonila typhimuriu capsicum + chitosan 5 mg/ml 13 ± 0.2ac

Salmonila typhimuriu capsicum + chitosan 10 mg/ml 18 ± 0.3b

*Means within a column followed by the same letter did not found significantly
different at 0.05 level of probability according to L.S.D. test.

Table 3
Alkaline phosphatase (ALP) activities of S. aureus, P. aeruginosa and B. cereus.

Sample No. S. aureus S. typhimurium P. aeruginosa

Control a6.55b ± 0.07 a4.30a ± 0.05 a5.22c ± 0.05
chitosan 10 mg/ml cd12.43b ± 0.13 c7.11a ± 0.07 cd11.30c ± 0.17
capsicum + chitosan

10 mg/ml
f16.44b ± 0.04 f11.22a ± 0.02 f14.11c ± 0.06

capsicum 10 mg/ml b10.30b ± 0.20 b5.22a ± 0.05 b9.22c ± 0.30
capsicum + chitosan

5 mg/ml
c12.59b ± 0.3 cd7.86a ± 0.01 c10.53c ± 0.4

One unit of ALP defined as amount of enzyme yielding one micromole of p-nitro-
phenol within one minute per milligram protein under the optimized conditions.
values (n = 3) ± SE expressed in mean followed as per ANOVA Duncan’s multiple
range test.
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Different studies have reported that bioactive isolates, including
capsaicin and dihydrocapsaicin from capsicum, tend to exhibit
antibacterial activity (Oyedemi et al., 2019; Füchtbauer et al.,
2021). C. annuum extract has been used in wound healing pro-
cesses, although no scientific literature has supported this finding
(Ekom et al., 2021).

The current study’s findings suggest that the effects of the
antibacterial activity of chitosan extracts vary according to differ-
ent pathogenic phenotypes, especially multidrug-resistant bacteria
(Koffi-Nevry et al., 2012; Oulaï et al., 2018). This could be due to
4

the difference in the genetic and structural composition of bacte-
rial strains or isolates. The potential antimicrobial feature was
ensured by the presence of components, including alkaloids,
polyphenols, flavonoids, anthocyanins, anthraquinones, tannins,
triterpenes and saponins (Ekom et al., 2021). This upholds the find-
ings of earlier studies (Koffi-Nevry et al., 2012; Samrot et al., 2018)
that validated these groups as bioactive compounds in methanol
extracts of C. annuum.

Our results corroborate those of Steve et al. (2021), who found
that S. aureus and E. coli are sensitive to C. annuum extract (Fig. 2).
One way to induce the antimicrobial activity of chitosan is based
on the electrostatic interaction between negatively charged mem-
branes and the molecules charged as cations (Chen et al., 2015; Felt
et al., 2000; Rivera Aguayo et al., 2020).



Table 4
Effect of Chitosan and Capsicum aqueous extract on the membrane potential of S.
aureus, P. aeruginosa, and S. typhimurium.

Sample No. Relative fluorescent units

S. aureus S. typhimurium P. aeruginosa

Control a-7.22c ± 0.05 a-5.56a ± 0.08 a-6.32b ± 0.07
chitosan 10 mg/ml c-84.15c ± 0.18 c-62.34a ± 0.22 c-81.55b ± 0.12
capsicum + chitosan

10 mg/ml
e-116.15c ± 0.33 f-99.12a ± 0.03 e-112.65b ± 0.56

capsicum 10 mg/ml b-58.66c ± 0.07 b-35.22a ± 0.2 b-52.26b ± 0.05
capsicum + chitosan

5 mg/ml
d-90.33c ± 0.16 d-64.44a ± 0.52 d-85.43b ± 0.12

One unit of ALP defined as amount of enzyme yielding one micromole of p-nitro-
phenol within one minute per milligram protein under the optimized conditions.
values (n = 3) ± SE expressed in mean followed as per ANOVA Duncan’s multiple
range test.
values (n = 3) ± SE are expressed in mean followed as per ANOVA Duncan’s multiple
range test.

Table 5
Effect of Chitosan and Capsicum aqueous extract on lactate dehydrogenase (LDH)
among S. aureus, P. aeruginosa, and S. typhimurium.

Sample No. Specific activity

S. aureus S. typhimurium P. aeruginosa

Control a6.56c ± 0.01 a4.52b ± 0.05 a3.36a ± 0.04
chitosan 10 mg/ml d19.27c ± 0.16 c7.11b ± 0.11 d16.17a ± 0.12
capsicum + chitosan

10 mg/ml
e24.46c ± 0.21 d13.17b ± 0.07 e21.56a ± 0.15

capsicum 10 mg/ml b11.23c ± 0.05 a4.56b ± 0.17 b8.63a ± 0.07
capsicum + chitosan

5 mg/ml
c17.32c ± 0.11 b6.33b ± 0.23 c14.42a ± 0.14

values (n = 3) ± SE are expressed in mean followed as per ANOVA Duncan’s multiple
range test.
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The differential characteristics of chitosan, including its
antibacterial activity, have been found to be associated with its
structural properties, such as its physicochemical characteristics,
environmental conditions and reactive hydroxyl groups at the C-
3 and C-6 positions (Younes & Rinaudo, 2015; Xing et al., 2014;
Dutta et al., 2011; Synowiecki & Al-Khateeb, 2003; Kong et al.,
2010; Hosseinnejad & Jafari, 2016; Ma et al., 2017; Ing et al.,
2012; Azuma et al., 2018). Chitosan performs its function by tar-
geting extracellular functions, intracellular functions, or both to
induce antimicrobial effects (Varlamov & Mysyakina, 2018;
Kravanja et al., 2019; Kong et al., 2010; Hosseinnejad & Jafari,
2016; Raafat et al., 2008; Cheung et al., 2015).

The current work examined extracts of chitosan and capsicum
for their antibacterial potential on bacterial species. All concentra-
tions yielded adequate to tremendous effects on bacterial growth
(Ekom et al., 2021), which is in agreement with the data presented
in prior studies (Ke et al., 2021; Pratibha et al., 2021a; Pratibha
et al., 2021b). Our results were found to align with those of previ-
ous studies (Ekom et al., 2021; Ke et al., 2021). They found that
capsicum extract presented antibacterial properties related to the
presence of phenolic compounds, flavonoids and tannins by
inhibiting the formation of biofilms, thus affecting the ATPases/
H+ proton pump and dehydrogenase activity by altering the bacte-
rial cell wall, thus causing leakages of nucleic acids and reducing
sugars and proteins outside the membrane (Ekom et al., 2021).
The data were also compatible with concentrations ranging from
5 to 125 lg/ml, thus verifying the effects of capsicum extract on
the biofilm action of S. aureus and P. aeruginosa.

Chitosan and capsicum extracts may affect the lipophilic prop-
erties of the cell membrane and influence its molecular structure,
thereby increasing penetration into the cell. The suppressive action
of the combination of chitosan and capsicumwas influenced by the
5

substitution patterns (Ke et al., 2021). The substitution of chitosan
is exaggerated by the following factors: pH, MW and DDA. The
physicochemical characteristics of C2-NH2, C3-OH (secondary
hydroxyl), and C6-OH (primary hydroxyl) functional groups may
likewise significantly influence antimicrobial characteristics
against bacteria (Ke et al., 2021). The antimicrobial potential of chi-
tosan and capsicum extracts due to C6-OH suggests that substitu-
tion is a risk factor, where polarity also plays an important role.
The extracted chitosan and capsicum suspensions presented high
antibacterial potential due to their passive diffusion, permitted
by their molecular structure and lipophilic properties. Aromatic
substitution and side chains may assist in diffusion (Ke et al.,
2021). Hence, the mode of action is attributable to the bacterial cell
membrane.

The diffusion of chitosan and capsicum extracts may possibly be
prohibited by peptidoglycan barriers and other cellular compo-
nents (Ke et al., 2021). These composites interact with cells and
hinder the potential of the bacterial cell membrane (Arokiyaraj
et al., 2014). Phytochemical compositions influenced by medicinal
plants have been reported to alter the cell walls of Gram-positive
and Gram-negative bacteria (Ke et al., 2021).

Pathogenic bacteria release ALP and LD upon exposure to stress
(Arokiyaraj et al., 2014). The higher concentrations of enzymes
showed that chitosan and capsicum generated an uneven environ-
ment for bacterial growth, resulting in the increased production of
these enzymes. This is the first study to assess the effects of chi-
tosan and capsicum on LDH and ALP activity. However, membrane
damage activity was demonstrated to a lower scale. The released
volume of LDH activity represented a high level, showing the
mechanism of action for membrane damage to the bacterial cells.
An increase in membrane permeability or the outflow of cell con-
tents may be triggered by ROS.

6. Conclusions

The results showed the antibacterial effects of chitosan and cap-
sicum combined against different bacteria. This combination
caused significant damage to the membrane potential while
increasing the production of LDH and ALP in S. aureus, P. aeruginosa
and S. typhimurium. Therefore, the combination of chitosan deriva-
tive N,N,N-trimethyl chitosan (TMC) and capsicum at a concentra-
tion of 10 mg/ml, exhibited antimicrobial activity against Gram-
positive and Gram-negative bacterial strains. The observed results
showed that chitosan and capsicum extracts were more active
against S. aureus.
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