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Abstract
The growing resistance to existing antimicrobial formulations poses a great concern for global public health and demands 
the development of alternatives. Chitosan was synthesized from Archachatina marginata shell and characterized using Fou-
rier transform infrared (FTIR), X-ray diffractometry (XRD), scanning electron microscopy (SEM), transmission electron 
microscopy (TEM), energy-dispersive X-ray fluorescence (EDXRF), and energy-dispersive X-ray spectroscopy (EDS) and its 
antibacterial activity assessed against Staphylococcus aureus (hemolytic and clinical strain), Staphylococcus saprophyticus 
DSM 18669, Escherichia coli 0157, Klebsiella pneumonia EO1 16S ribosomal RNA gene, and Salmonella typhi ATCC 
13311. FTIR revealed hydroxyl, carbonyl, and amide as the main functional groups. XRD identified crystalline features, 
while SEM images indicated a grainy surface with clustering of uneven particles with TEM images showed polygonal par-
ticles, rod-like structures, and spherical voids on the surface with diameters ranging from 5.80 to 31.05 nm. EDXRF and 
EDS indicated calcium, carbon, and oxygen as the main elements. Chitosan produced the highest inhibition zone of 39 mm 
against Staphylococcus saprophyticus DSM, while there was no effect on Salmonella typhi ATCC 1331, and the minimum 
inhibitory concentration was between 0.0781 and 0.3125 mg/mL for tested strains. Chitosan’s antibacterial activity compared 
favorably to levofloxacin, a synthetic drug as a benchmark. This suggests that chitosan from Archachatina marginata shell 
is a potential antibacterial agent for multiple applications.
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1  Introduction

Antibacterial resistance has grown significantly around the 
globe in recent years and is now acknowledged as a sig-
nificant medical concern in the majority of healthcare set-
tings [1, 2]. The burden of infectious illnesses is increased 
by the significant mortality attributable to resistance [3, 4]. 
Resistance is not a recent phenomenon; resistance genes 
are widely distributed in nature and engage in intricate 

ecological interactions [5, 6]. Antibacterial resistance was 
barely noticed in the past as newer antibiotics gradually 
became accessible and were easily changed and enhanced 
for therapeutic use, despite the fact that heavy usage of 
antimicrobial medications started to impose new survival 
pressure on important microorganisms. Researches have 
provided a fair description of the resistance situation, coor-
dinated action plans have been put in place, and the urgent 
need for new antibiotics remains evident [7–10]. Annually, 
more than 2.8 million antibiotic-resistant illnesses occur in 
the United States (US) leading to more than 35,000 fatalities. 
Additionally, in 2017, at least 12,800 Americans died, and 
almost 223,900 needed hospital care for Clostridium diffi-
cile, a Gram-positive bacterium [11]. According to a World 
Health Organization (WHO) report in 2022, high levels 
of resistance in bacteria leading to life-threatening blood-
stream infections as well as increasing resistance to treat-
ment in several bacteria causing common infections is mind-
boggling. This was contained in the Global Antimicrobial 
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Resistance and Use Surveillance System (GLASS) based on 
data collected in 87 countries [12].

Nanoparticles (NPs) are defined as materials or particles 
having a size between 1 and 100 nm. Even though some met-
als such as silver or copper exhibit inhibitory action against 
bacteria in their bulk forms, other metals only have it as 
NPs. Induction of oxidative stress, non-oxidative mecha-
nisms, and, in a minor way, the interaction of released metal 
ions with functional groups of proteins and nucleic acids 
are three processes that are hypothesized to occur concur-
rently, but those mechanisms of action have not yet been 
fully explained. Metal NP antibacterial action is specifically 
influenced by variables such as size, zeta potential (electro-
kinetic potential), charge, surface shape, and crystal struc-
ture. NPs have the ability to damage bacterial membranes 
and prevent the development of biofilms. Also, greater bio-
film inhibition is provided by smaller NPs (e.g., Ag, ZnO, 
Mg, or NO NPs) [13–15].

The residues of the seafood industry, mainly crab shells, 
shrimp shells, krill shells, and fish scales, form important 
resources for the extraction of chitin and chitosan [16]. Snail 
shell waste is a bountiful source for chitosan production, 
and literature is still scanty on its use for the production, 
characterization, and antimicrobial activity of chitosan [17, 
18]. In Nigeria, snails are mostly found in the southern part 
of the country with distinct species such as the African giant 
land snail (Archachatina marginata), tiger snail (Achatina 
achatina), land snail (Achatina fulica), Limcolana aurora 
sp., and other garden snails [19, 20]. Snails are available 
in large quantities during the rainy season, and after con-
sumption, their shells are discarded indiscriminately lead-
ing to environmental menace. The presence of carbohydrate 
(86.83/100–92.76/100 g) in snail shell makes it suitable for 
the production of chitosan in substantial quantity when com-
pared to seafood waste [21, 22].

Chitosan is produced either by enzymatic hydrolysis in 
the presence of a chitin deacetylase or (partial) deacetylation 
of chitin involving the removal of acetyl group, proteins, 
and minerals in the solid form using concentrated sodium 
hydroxide [23–25]. The degree of deacetylation (DD) in the 
range of 50–95%, the purity of the product, and the sequence 
of the amino and acetamido groups are factors that affect the 
physical characteristics of chitosan [26, 27]. Chitosan is an 
excellent antimicrobial substance against various microbial 
pathogens [28, 29]. The antimicrobial activity of chitosan 
is affected by its solubility, which in turn is affected by the 
elevated quantities of free amino groups in the chain. The 
fundamental change in its chemical structure, low molecu-
lar weight, water solubility, and the degree of deacetylation 
(DDA) complements the antimicrobial behavior of chitosan 
[30]. Further, chitosan is also applied as an activator of plant 
defenses [31], a supplement for food preservation and food 
additives [32], and a corrosion inhibitor [33].

To address the epidemic of antimicrobial resistance, it is 
vital to develop new classes of antibacterial drugs with nan-
oparticle properties from renewable sources such as shells 
of mollusks. Therefore, the purpose of this work was to 
synthesize chitosan from Archachatina marginata shell, an 
agricultural waste; characterize, and examine its antibacte-
rial activity against clinical strains of Staphylococcus aureus 
(β-hemolytic), Staphylococcus saprophyticus DSM 18669, 
Escherichia coli 0157, Klebsiella pneumonia EO1 16S ribo-
somal RNA gene, and Salmonella typhi ATCC 13311.

2 � Experimental

2.1 � Materials

Sodium hydroxide, BDH (Poole, England); hydrochloric 
acid, Analar (Essex England); sodium hypochlorite, Shan-
dong Retouch (China); acetic acid, Analar (Essex England); 
media and discs, Hi-Media (India); autoclave, Express Labo-
ratories (USA); microtitre plates, Labsystems Oy (Helsink, 
Finland); McFarland standard, Sigma-Aldrich (UK); saline 
solution, Biomed Diagnostics (USA); Archachatina margi-
nata shell obtained from Mushin Market Lagos, Nigeria. 
The chemicals were used as received.

2.2 � Preparation of Chitosan

Modifications were made to the method outlined [34]. Using 
a magnetic stirrer and heating it at 80 °C with constant stir-
ring for 6 h, we deproteinized 50 g powdered of Archa-
chatina marginata shell. After this process, the residue was 
neutralized with deionized water and dried at 100 °C for 
1 h. 1 M HCl solution was used to demineralize the dried 
residue while it was stirred at 30 °C for 3 h. The residue 
was then washed to a neutral state with deionized water and 
dried at 90 °C for 1 h. After 4 h of deacetylation in 12.5 M 
NaOH solution at 30 °C with continual stirring, the resulting 
chitin was washed and dried in the manner outlined above. 
The powder was neutralized by rinsing in double-distilled 
water until the pH was at 7. The powder was dried at 90 °C 
for 1 h after being decoloured by soaking in a 10% sodium 
hypochlorite solution at 25 °C for 4 h with constant stirring. 
A medium-density polythene packaging material was used 
to store the chitosan powder that was the product of the pro-
cess. The process is illustrated in Scheme 1.

2.3 � Characterization of Chitosan

2.3.1 � Fourier Transform Infrared Spectroscopy

Functional groups were determined by Fourier trans-
form infrared spectroscopy (FTIR) using a Perkin Elmer 
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Spectrum 100 FT-IR spectrophotometer. KBr was used as 
the diluent and mixed with 1% chitosan powder by using an 
agate mortar. The mixture was compressed to obtain tablets, 
and scanning was carried out over the frequency of 4000 to 
400 cm−1 at resolution of 4 cm−1.

2.3.2 � X‑Ray Diffractometry

Crystal definition and size were examined by X-ray diffrac-
tometer (ARL’XTRA Thermo Fisher Scientific Company 
Switzerland: serial number 197492086) operated at 30 kV 
and 100 mA. The pattern was recorded by Cu Kα radiation 
with λ = 1.5406 Å and nickel monochromator. Scanning was 
done at a scan rate of 2°/min with the scan angle from 10 
to 90°. The size of chitosan crystallite was calculated using 
Scherer’s equation [35].

where D is the average crystallite size, K is the Scherer coef-
ficient (0.89), λ is the X-Ray wavelength (λ – 1.5406 Å), Ɵ 
is Bragg’s angle (Ɵ), and β is the full width at maximum 
(FWHM) in radians.

2.3.3 � Scanning Electron Microscopy and Transmission 
Electron Microscopy

Scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) were used to analyze cellular 

D = kλ∕β cosθ

morphology, size, and shape (TEM). The Phenom-World 
PRO:X 800–07334 transmission microscope from Thermo 
Fisher Scientific Company in Switzerland, serial number 
MVE01570775, was utilized for the SEM examination. The 
sputter coater was used to provide a 25-nm gold coating to 
an aluminum stub that held the sample at 25 mm in diameter. 
The sample then adhered to the carbon disc. The samples 
were then scanned using a 5-kV accelerating voltage and a 
backscattered electron detector with a focused fine stream 
of secondary electrons.

Transmission electron microscopy examination was per-
formed with a Tecnai G2 Spirit TWIN FEI, Netherlands, 
LaB6 microscope. A carbon/formvar support film-covered 
copper grid was used to hold the liquid sample. Extra mate-
rial was wiped off a filter paper after 15 s. After 15 s, a drop 
of the negative stain (1% uranyl acetate) was applied and 
blotted. The specimen container containing the grid was then 
put into a Phillips/FEI CM 120 BioTwin TEM operating at 
200 kV for imaging.

2.3.4 � Energy‑Dispersive X‑Ray Fluorescence 
and Energy‑Dispersive X‑Ray Spectroscopy

Energy-dispersive X-ray fluorescence (EDXRF) (Thermo Sci-
entific X-ray Fluorescence (XRF) Epsilon Spectrometer) was 
used to identify the elements present. After removing oxy-
gen and moisture from the sample holders for 10 min using a 
vacuum pump, the samples were ready to be analyzed using 
the XRF spectrometer. At 200 kV, an X-ray micro-analyzer 

Scheme 1   Procedure for synthesis of chitosan from Archachatina marginata shell
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(Oxford 6587 INCA, Oxford Instruments, Abingdon, UK) was 
coupled to a transmission electron microscope (TEM) detector 
(Phillips/FEI CM 120 BioTwin) to perform energy-dispersive 
X-ray (EDX) analysis in scanning mode.

2.3.5 � Degree of Deacetylation (DDA)

The degree of deacetylation (DDA) was calculated from FTIR 
data as reported [36].

A1629.85 and A3450.65 cm−1 indicate absolute heights of 
absorption bands of amide and hydroxyl groups, respectively, 
while 1.33 denotes the ratio of A1629.85 and A3450.65 cm−1 
for fully N-acetylated chitosan.

2.4 � Chemical Composition

Moisture content, ash, and protein content were determined 
using the procedure described [37].

2.5 � Antimicrobial Assay

The antibacterial activity of chitosan was evaluated against 
Staphylococcus aureus (hemolytic and clinical strain), Staphy-
lococcus saprophyticus DSM 18669, Escherichia coli 0157, 
Klebsiella pneumonia EO1 16S ribosomal RNA gene, and Sal-
monella typhi ATCC 13311. The strains were clinical isolates 
obtained from stock cultures at the Pharmaceutical Technology 
Department, Faculty of Pharmacy, University of Lagos, Idi-
Araba, Lagos, Nigeria.

2.6 � Preparation of Culture Media

Mueller–Hinton agar (Oxoid, England) was used as the growth 
medium for the microorganisms. Thirty-seven grams of the 
dehydrated bacteriological culture media was weighed and dis-
solved in distilled water (100 mL) according to the manufac-
turer’s specification. The resultant suspension was dispensed 
into a clean conical flask and autoclaved at 121 °C for 15 min 
and then poured into previously sterilized Petri dishes. The 
plates were allowed to cool and solidify. The molten agar gels 
formed were dispensed in 15 mL portions into Petri dishes for 
potency test. The cultures were all sub-cultured on nutrient 
agar and incubated at 37 °C for 24 h prior to use.

2.7 � Antimicrobial Profile (Zone of Inhibition)

The agar diffusion technique was used for the antimicro-
bial activity [38]. Antimicrobial discs containing chitosan 
at a concentration of 40 mg/mL (0.2 g chitosan dissolved 

DDA = 100 −
(A1629 − A3450)

1.33
× 100

in 5 mL (1%) acetic acid) were dispensed with the aid of 
sterile forceps onto the potato dextrose agar (PDA) plates 
in such a way that the minimum center-to-center distance 
was 24 mm and the discs were no closer than 10 to 15 mm 
from the edge of the Petri dish. The following method was 
used to make standard solutions of 0.05, 0.025, 0.0125, and 
0.0063 mg/mL of pure levofloxacin (Sigma-Aldrich, UK). 
Levofloxacin standard was prepared by dissolving 0.05 g in 
10 mL of sterile distilled water (diluent), yielding a stock 
concentration of 5000 mg/mL solution from which a twofold 
dilution was performed. The bacterial strains were tested 
using levofloxacin as a positive control. After 24 h in the 
37 °C incubator, the plates were examined. The zone reader 
was used to obtain measurements in triplicate, and the aver-
age zone value was then calculated in millimeters.

2.8 � Determination of Minimum Inhibitory 
Concentration (MIC)

A broth microdilution assay was used for determining 
chitosan’s minimum inhibitory concentration (MIC) [39]. 
Standard Bioscreen C 100 well microtitre plates were used 
to dilute chitosan in a Giolitti and Cantoni broth (GCB) 
medium with a pH of 6. McFarland 0.5 turbidity standard 
was used to calibrate bacterial cell suspensions (2 × 108 cfu/
mL). The test isolates were inoculated into microtitre plates 
containing 10 mL of prepared normal saline, and the plates 
were incubated at 37 °C for 24 h. After incubation, the sus-
pension was further diluted in normal saline to generate a 
final inoculum 108 cfu/mL dilution of the microorganism; 
at this time, the concentration of the test microorganisms 
is approximately 1.5 × 108 cfu/mL. From a concentration 
of 40 mg/mL, chitosan was diluted twofold in sterile broth 
(20, 10, 5, 2.5, 1.25, 0.625, 0.3125, 0.1563, 0.0781, 0.0391, 
0.0195, 0.0978 mg/mL) respectively.

2.9 � Statistical Analysis

Data obtained from antimicrobial tests were analyzed using 
means and mean deviation (means of triplicate determi-
nations), and a test of significance was carried out using 
ANOVA (GraphPad Software Inc., San Diego, USA).

3 � Results and Discussion

3.1 � Fourier Transform Infrared Spectroscopy (FTIR)

The FTIR spectrum (Fig. 1) shows absorption bands at 
3418 cm−1 (OH stretching), 2967 cm−1 (CH3 stretching), 
2517  cm−1 (CH2 stretch), 1721  cm−1 (carbonyl stretch), 
1637 cm−1 (NH primary amine), 1346 cm−1 (C-O starch in 
the primary alcoholic group), 1198 cm−1 (free amino group 
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(NH2) at glucosamine C2 position), 1123 cm−1 (C–O–C 
stretching), and 1066 cm−1. These obtained vibration pat-
terns served as an indicator of the presence of elements 
such as carbon, nitrogen, and oxygen which are the pri-
mary constituents of chitosan. This is similar to the result 
obtained from rose shrimp (Parapenaeus longirostris), 
crab (Callinectes amnicola), and shrimp (Penaeus notialis) 
shell wastes [40–43]. Deacetylation can be identified by the 
appearance of broad and sharp wavenumbers at 1743, 1633, 
and 1598 cm−1 [44].

3.2 � X‑Ray Diffractometry (XRD)

The X-ray diffraction patterns of chitosan showed a total 
of 29 peaks out of which 11 are prominent (Fig. 2). The 
prominent peaks are 23.04°, 26.21°, 29.41°, 33.13°, 36.13°, 
37.95°, 41.18°, 43.13°, 45.18°, 49.89°, 50.23°, and 52.44° 
assigned to 111, 111, 111, 200, 200, 200, 220, 220, 220, 
311, 311, and 311 respectively. This is based on the Bragg 
reflection reference of the International Centre Diffraction 
Data (ICDD) database on crystalline and amorphous materi-
als. The XRD referencing of chitosan in this study was also 
based on the findings presented in a previous study [45–47]. 
The two sharp peaks at 29.41° and 36.13° denote the pres-
ence of calcite and aragonite mineral substance [48]. Cal-
cium is the predominant element in both minerals hence the 
characteristic peak which is sharp and broad [49, 50]. The 
presence of the sharp peaks is an evidence of the crystalline 
structure of chitosan [51]. Also, the average crystallite size 
of 22.47 nm calculated using Scherer’s equation suggests the 
formation of a nanoparticle. In comparison with commercial 
chitosan obtained from crustacean shells, findings from this 

study differ; 11.7°, 20.02°, and 20.04° were reported [16, 
52]. This might be attributed to the difference in mineral 
composition of chitosan (Table 1). The XRD patterns of 
chitosan obtained in this study match closely with those of 
chitosan extracted from crab shell [53], chitosan extracted 
from Pinna bicolor pen shell [54], chitosan obtained from 
Rhizopus oryzae NRRL [55], chitosan extracted from green 
mussel shells [56], chitosan synthesized from crab shell 
(Scylla sp.) marine shrimps (Penaeus semisulcatus), and 
horn snail shell (Telescopium telescopium) [57, 58].

3.3 � Energy‑Dispersive X‑Ray Fluorescence (EDXRF)

A significant signal was observed at 3.60 keV, which is a 
typical binding energy of calcium [43, 59]. Strontium, sil-
ver, nickel, copper, tin, and zinc also showed less prominent 
peaks (Fig. 3). The elemental composition of commercial 
chitosan obtained from the shells of crab is consistent with 
the findings from this study, which include the detection 
of Ca, Y, Ag, Nb, K, Na, Mg, and Al [60]. The detection 
of alkaline metals, alkaline earth metals, rare earth metals, 
and transition metals may be due to the mineral composition 
of gastropod and snail shells [61, 62]. However, the lack of 
K and L lines in the equipment prevented the detection of 
additional components such as carbon, hydrogen, and oxy-
gen in chitosan.

3.4 � Energy‑Dispersive X‑Ray Spectroscopy (EDS)

Carbon, oxygen, calcium, copper, silicon, and magnesium 
were all detected as shown in Fig. 4 with calcium being the ele-
ment with the strongest peak thus confirming the composition 

Fig. 1   Fourier transform infra-
red spectrum of chitosan
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of chitosan [18]. The lack of sulfur and phosphorus was indica-
tive of the efficacy of the chemical treatment involved in the 
synthesis of chitosan from A. marginata shell. This is consist-
ent with results obtained from chitosan synthesized from ruhi 
(Labeo rohita) scales Callinectes amnicola, Penaeus notialis, 
and shrimp (Penaeus monodon) [43, 53, 63].

3.5 � Scanning Electron Microscopy (SEM)

Images of chitosan at three different magnifications in order to 
understand the surface shape and particle dispersion are shown 
in Fig. 5. × 1500 (a) and × 1000 (b) show rough, grainy surface 
with clustering of uneven particles [25, 47, 58], while × 300 
(c) reveals particles that were polygonal, rod-like, and cir-
cular without agglomeration with crystalline feature [49]. 

Comparable morphological details were similar to the work by 
[18]; however, it was at a magnification level 100 times higher 
than that employed in the present work. Image processing appli-
cation, ImageJ, was used to quantify chitosan particle size. The 
measured sizes of the particles collected were between 11.06 
and 34.37 nm. This confirms the nanometric nature of chitosan 
by showing that its constituent particles interacted strongly due 
to their high surface energy. Nanoparticles with high dispersion 
offer a myriad of advantages across various sectors. In health-
care, nanotechnology plays a pivotal role in advancing diagnos-
tic techniques, enabling precise pharmaceutical administration, 
and facilitating the development of biomedical implants [64]. 
This unique characteristic of high dispersion sets nanoparticles 
apart from other substances, making them valuable resources in 
industries ranging from healthcare to technology [65].

Fig. 2   X-ray diffractometry spectrum of chitosan

Table 1   Composition of 
aragonite and calcite by 
elements

Element Number of atoms 
in formula

Atomic weight Contribution to 
molecular weight

Weight of ele-
ment in mineral 
(%)

Aragonite Ca 4 40.08 160.32 40.0448
C 4 12.01070 48.0428 12.0001
O 12 15.999 191.988 47.9549

400.3508
Calcite Ca 6 40.08 240.08 40.0049

C 6 12.01070 72.0642 12.008
O 18 15.999 287.982 47.987

600.1262
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3.6 � Transmission Electron Microscopy (TEM)

Images of chitosan at two different scales to understand 
shape, particle size, and distribution are shown in Fig. 6. 
Five hundred nanometers (a) shows chitosan surface as 
dense, well organized with few gaps in between consist-
ing of pseudo-spherical particles and randomly spread as 
flakes [43]. Two hundred nanometers (b) indicates polygonal 

particles, rod-like structures, and spherical voids on the sur-
face [49]. These micrographs are similar to results obtained 
from Callinectes amnicola, Penaeus notialis, and Penaeus 
semisulcatus shell wastes [43, 57]. The abundance of pores 
(shown as dark spots in both images) and their close spatial 
proximity along the microstructure are evidence of nano-
metric particles exhibited by chitosan. The chitosan particle 
sizes were measured using the ImageJ software from the 

Fig. 3   Energy-dispersive X-ray 
fluorescence profile of chitosan

Fig. 4   Energy-dispersive X-ray 
spectroscopy profile of chitosan
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images. The sizes varied from 5.80 to 31.05 nm. SEM image 
results are verified by the TEM images.

3.7 � Degree of Deacetylation (DDA)

The FTIR data indicated that 75.39% of the chitosan was 
deacetylated, which was lower than the value reported [18]; 
however, it was closer to 76.70% [66] and 73.6% [67]. The 
values obtained in this study are comparable to chitosan syn-
thesized from shrimp (Macrobrachium jelskii) shell, fungal 
biomass, Litopenaeus vannamei, and pink shrimp (Penaeus 
brasiliensis) [68–70]. In practice, DDA values between 
30 and 95% are suitable for various applications [71]. The 
degree of deacetylation of chitosan is often determined by 
FTIR spectroscopy. Deacetylation degree (DDA) is the mole 
fraction of deacetylated units in the polymer chain and has 
a significant impact on chitosan characteristics such as 
chemical reactivity, biodegradability, and biocompatibility. 

Deacetylation is the process of removing acetyl groups 
from a chitin molecular chain, leaving behind a full amino 
group (-NH2) with acetyl residue in smaller proportion; the 
specifics of this process rely on the sample preparation and 
analytical techniques utilized [72, 73]. Overall, the physi-
cal, chemical, and biological characteristics of chitosan are 
influenced by the source of the chitin derivative, the time, 
temperature, and alkaline concentration utilized during the 
extraction process [53].

3.8 � Chemical Composition

The chemical components of chitosan are shown in Table 2. 
The percentages of moisture, ash, and protein are as follows: 
2.21% [74], 6.05% [75], and [67]. In respect to moisture con-
tent, a lower value indicates higher self-stability and quality 
[76]. Generally, the allowable range of moisture content in 
chitosan for multiple uses is 5–15% [77].

Fig. 5   Micrographs of chitosan: 
a 1500 magnification, b 1000 
magnification, c 300 magnifica-
tion

a

b

c
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This research found a greater ash content than reported 
works [18, 66]. This is affected by the concentration of 
acid, reaction duration, and operating temperature as they 
relate to the demineralization process’ overall scope. Ash 
levels below 1% in chitosan are recommended for use in 
biomedical applications because of their beneficial effects 
on cell viability and other biological processes [78]. Yet, 
chitosan with an ash concentration of more than 1% has been 
employed in a number of biological applications [79, 80].

The high protein content of chitosan in this study is con-
nected with the level of deacetylation, which converted 
acetyl groups into amino groups [18, 66–70].

In this study, the chemical composition has indicated that 
chitosan was successfully synthesized from Archachatina 
marginata shell and comparable in values with chitosan 
from crab, shrimp, and mussel shells.

3.9 � Antimicrobial Evaluation

3.9.1 � Zone of Inhibition

Chitosan exhibited different degrees of activities against 
both Gram-positive and Gram-negative species based on 
the observed zones of inhibition which ranged from 23.67 
to 39.00 mm comparable with levofloxacin (Table 3). Fig-
ure 7 shows the response of S. aureus (hemolytic), K. pneu-
monia strain E01 16S ribosomal RNA gene, and E. coli 
strain 0157 to chitosan except S. typhi ATCC 13311, while 
Fig. 8 shows the response of levofloxacin to these isolates. 
In this study, chitosan activity against these isolates is com-
parable with commercial chitosan, chitosan extracted from 
shrimp (Penaeus semisulcatus) shell, horse mussel (Modio-
lus modiolus) shell, and prawn (Macrobrachium lamarrei) 
shell [81–84].

Chitosan’s efficacy against some of these isolates was 
higher than that of the levofloxacin, a standard drug. The 
zone of inhibition of chitosan against S. saprophyticus DSM 
18669 was higher (39.00 mm) than levofloxacin (31.33 mm 
at the highest concentration of 0.05 and 18.33 mm at the 
lowest concentration of 0.0063 mg/mL). Also, levofloxacin 
at a concentration of 0.0063 mg/mL did not show inhibi-
tory activity against S. aureus (hemolytic) and E. coli strain 
0157. The zone of inhibition of chitosan was statistically dif-
ferent from levofloxacin at 0.05, 0.025, and 0.0125 mg/mL 
against S. aureus, S. saprophyticus DSM 18669, E. coli, and 
K. pneumonia. This implies that levofloxacin would require 
concentrations greater than 0.05 mg/mL to have the same 
effect as chitosan against S. aureus (hemolytic) and S. sap-
rophyticus DSM 18669, while chitosan would require con-
centrations above 40 mg/mL to have the same effect as levo-
floxacin at concentrations of 0.05 and 0.025 mg/mL against 
E. coli strain 0157 and K. pneumonia E01 16S ribosomal 
RNA gene. The non-inhibitory effect of chitosan on S. typhi 
ATCC 13311 implies that a concentration above 40 mg/mL 

a

b

Fig. 6   Micrographs of chitosan: a 500 nm, b 200 nm

Table 2   Chemical composition of chitosan (mean of triplicate deter-
mination)

Moisture % Ash % Protein %

2.21 ± 0.02 6.05 ± 0.12 4.51 ± 0.03
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would be required possibly due to plasmic composition of 
the isolate among other factors.

Chitosan was not assessed at various concentrations 
owing to its status as a novel product, allowing for the arbi-
trary selection of concentration levels as long as they dem-
onstrate biological efficacy against the targeted organisms. 
An inhibitory effect and noticeable impact on the strains 
were observed at a concentration of 40 mg/mL. There exists 
no definitive guideline concerning the utilization of a sin-
gular concentration within antimicrobial testing protocols. 

Studies conducted by authors provided empirical evidence 
supporting the efficacy of a singular concentration when 
combating various strains or isolates of microorganisms 
[85–88].

Regarding the mechanism of chitosan antibacterial activ-
ity, two mechanisms are proposed, viz direct interaction of 
chitosan nanoparticles which increases bacteria membrane 
permeability and inhibits their growth or interference with 
anionic channels due to negatively charged thinner layer of 
peptidoglycan cell wall and lipopolysaccharides [89, 90]. 

Table 3   Effect of levofloxacin and chitosan against bacterial isolates (inhibition zone (mm))

Columns with the same alphabets are not significantly different while those with different alphabets are significantly different at P value = 0.05

Assay organism Levofloxacin 
(0.05 mg/mL)

Levofloxacin 
(0.025 mg/mL)

Levofloxacin 
(0.0125 mg/mL)

Levofloxacin 
(0.0063 mg/mL)

Chitosan (40 mg/mL)

Staphylococcus aureus (β-hemolytic) 33.17e ± 0.29 28.33d ± 0.08 25.33e ± 0.09 22.33e ± 0.68 34.67c ± 0.58
Staphylococcus saprophyticus DSM 18669 23.83b ± 0.13 20.67b ± 0.32 17.67b ± 0.63 15.17b ± 0.72 39.00d ± 1.00
Escherichia coli strain 0157 19.67a ± 0.58 15.17a ± 0.76 13.17a ± 0.54 12.07a ± 0.05 23.67a ± 0.58
Klebsiella pneumonia strain EO1 16S ribo-

somal RNA gene
32.17d ± 0.35 28.17d ± 0.44 24.83d ± 0.04 21.83d ± 0.16 31.67b ± 0.58

Salmonella typhi ATCC 13311 29.83c ± 0.14 25.17c ± 0.02 22.17c ± 0.22 18.17c ± 0.27 0.00

da b c

Fig. 7   Zone of inhibition of chitosan against a Klebsiella pneumonia strain EO1 16S ribosomal RNA gene, b Escherichia coli strain 0157, c 
Staphylococcus saprophyticus DSM 18669, d Staphylococcus aureus (β-hemolytic and clinical strain)

a b c d e

Fig. 8   Zone of inhibition of levofloxacin against the isolates a 
Staphylococcus saprophyticus DSM 18669, b Salmonella typhi 
ATCC 13311, c Escherichia coli strain 0157, d Klebsiella pneumo-

nia strain EO1 16S ribosomal RNA gene, e Staphylococcus aureus 
(β-hemolytic and clinical strain)
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The second mechanism occurs due to the binding of chitosan 
occasioned by its high surface area to volume ratio, binding 
to the DNA causing disruption of mRNA generation in bac-
terial cells. This causes membrane disruption and ultimately 
death of the bacteria cells by allowing internal components 
to seep out [91–93].

Results in this study showed that chitosan nanoparticle 
was more effective against Gram-positive bacteria than 
Gram-negative bacteria [91]. In spite of this, some research 
suggests that chitosan is more effective against Gram-nega-
tive bacteria than it is against Gram-positive bacteria [94]. 
There is no indication that Gram-positive bacteria are more 
resistant than Gram-negative bacteria. Particle size, culture 
population, pH, natural organic matter, and ionic strength are 
all factors that may alter chitosan’s efficacy as an antibacte-
rial agent [89].

Largely, the activity of chitosan in this study compares 
favorably with functionalized grapheme by azo‑pyridin-
ium compounds [95], triazole-tethered derivatives of 
curcumin [96], glycoside‑ and acyclic nucleoside–based 
6‑cyclohexyl‑4‑aryl‑2‑oxonicotinonitrile [4], thiochromene 
compounds [97], and pyrazole bearing biologically active 
imidazolyl, pyridine, and quinoxaline derivatives [98].

3.9.2 � Minimum Inhibitory Concentration

Bacterial isolates were subjected to MIC testing with chitosan 
concentrations ranging from 20 to 0.0098 mg/mL. Table 4 
displays the minimum inhibitory concentrations (MICs) of 
chitosan against the isolates. The MIC of chitosan against 
the bacterial isolates was between 0.3125 and 0.0.0781 mg/
mL. MIC of an antibacterial agent is the lowest concentration 
shown to inhibit the growth of germs when tested by visual 
inspection, a reader, or absorbance measurement at 660 nm 
[99]. Clear microtitre plates show no growth, whereas muddy 
wells suggest resistance by the isolates; hence in this study, 
the MIC was determined by visual examination (macroscopic 
assessment). Even at the lowest doses of 0.0391, 0.0195, and 
0.0098 mg/mL, the plates were turbid, showing that the iso-
lates were resistant to the chitosan. Nonetheless, the wells 
became clearer at concentrations of 20, 10, 5, 2.5, 1.25, 
0.625, 0.3125, 0.1563, and 0.0781 mg/mL, all of which cor-
responded to the MIC values.

The variation in the antimicrobial efficacy of chitosan 
nanoparticles against Gram-positive and Gram-negative bac-
teria, as observed in agar diffusion experiments compared to 
MIC evaluations, can be attributed to multiple factors related 
to the composition of bacterial cell walls, nanoparticle prop-
erties, and assay methodologies [100, 101].

Gram-positive bacteria are characterized by the presence 
of a substantial peptidoglycan layer within their cellular enve-
lopes, rendering them susceptible to interference from nano-
particles. The existence of this layer offers a larger surface 

area for nanoparticles to engage with, resulting in a more 
notable inhibitory impact in agar diffusion assays. On the 
other hand, Gram-negative bacteria have a peptidoglycan layer 
that is thinner and is surrounded by an outer membrane made 
up of lipopolysaccharides (LPS) and proteins. This external 
membrane functions as a barricade, constraining the entry 
and effectiveness of nanoparticles, consequently diminishing 
the inhibitory effects observed in agar diffusion tests [102].

The dimensions, morphology, electrostatic potential, 
and constitution of nanoparticles can collectively affect 
their interactions with bacterial cells [88]. Certain nanopar-
ticles might exhibit particular preferences for distinct cell 
wall constituents, chemical binding with functional mem-
brane proteins, and adsorption of the NP responsible for 
mechanical deformation, leading to cell rupture and death 
or demonstrate enhanced permeation across specific bacte-
rial lipid bilayers [103, 104]. During trials involving agar 
diffusion, chitosan nanoparticles were placed on the surface 
of the agar medium, where their interaction with bacterial 
cells primarily took place at the interfacial boundary. The 
magnitude and electrostatic nature significantly influence 
the diffusion kinetics and efficacy of nanoparticles. During 
MIC evaluations, nanoparticles are frequently dispersed 
in aqueous nutrient broths to improve their proximity and 
interaction with bacterial cells. Therefore, a decrease in the 
required nanoparticle concentration to hinder bacterial pro-
liferation might be accomplished, particularly concerning 
Gram-negative strains, which may demonstrate heightened 
susceptibility to distinct properties of chitosan nanoparticles 
in solution [105, 106].

Agar diffusion tests and MIC assays are two methodolo-
gies employed for assessing the antibacterial efficacy of 
nanoparticles. The agar diffusion tests offer a qualitative 
evaluation through the measurement of the zone of inhibi-
tion surrounding nanoparticles contained in a disc or well. 
This technique primarily demonstrates the capability of nan-
oparticles to engage with bacteria at the surface. In contrast, 
MIC assays yield a quantitative assessment by establishing 
the minimum nanoparticle concentration needed to com-
pletely hinder bacterial proliferation. This approach consid-
ers several variables including nanoparticle concentration, 
exposure duration, and bacterial growth dynamics to furnish 

Table 4   Minimum inhibitory concentration of chitosan against the 
bacterial isolates

Isolates MIC (mg/mL)

Staphylococcus aureus (β-hemolytic) 0.3125
Staphylococcus saprophyticus DSM 18669 0.3125
Escherichia coli strain 0157 0.1563
Klebsiella pneumonia strain EO1 16S ribosomal 

RNA gene
0.0781
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a more precise and reliable evaluation of the effectiveness of 
antibacterial agents [107].

The increased suppression of Gram-positive microorgan-
isms noted in agar diffusion experiments could be attributed 
to the increased thickness of the peptidoglycan layer found 
in their cellular membranes, thus providing a more extensive 
area for interaction with nanoparticles. On the contrary, in 
MIC assays, a decreased amount of nanoparticles may be 
adequate to impede the growth of Gram-negative bacteria, 
influenced by various factors like nanoparticle characteris-
tics and testing techniques that facilitate enhanced interac-
tion and penetration into bacterial cells.

4 � Conclusion

Chitosan from A. marginata shell possesses similar prop-
erties with chitosan obtained from other sources such as 
shrimp, crayfish, and crab shells. The nanoparticle nature 
of the chitosan was confirmed by FTIR, SEM, TEM, XRD, 
EDXRF, and EDS. Evaluation of potency against Staphy-
lococcus aureus (β-hemolytic), Staphylococcus saprophyti-
cus DSM 18669, Escherichia coli strain 0157, and Kleb-
siella pneumonia strain EO1 16S ribosomal RNA gene 
was remarkable except Salmonella typhi ATCC 13311. The 
antibacterial activity of chitosan compared favorably with 
levofloxacin appearing to have a broad-spectrum activity. 
Also, Gram-positive bacteria were more susceptible than 
Gram-negative bacteria. The antibacterial activity of chi-
tosan from A. marginata makes it a potential green mate-
rial against microorganisms that are developing resistance 
against antibiotic drugs.
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