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Abstract

Structural modification of chitosan (CH) may enhance the stability of silver nanoparticles (AgNPs) synthesized. This study aims to 

modify chitosan into chitosan-ortho-vanillin Schiff base (CHoVSB), which was used as a capping agent in the synthesis of AgNPs, 

and were evaluated as the food preservative through the antimicrobial testing. Composites of AgNPs were synthesized using AgNO3 

as an Ag precursor, ascorbic acid as a bioreductor, sodium tripolyphosphate (STTP) as a crosslinker and chitosan or CHoVSB. They 

were characterized by ultraviolet-visible (UV-Vis), Fourier transform infrared spectroscopy (FTIR), atomic absorption (AA) and scanning 

electron microscope-energy dispersive X-ray (SEM-EDX) analyses. CHoVSB was synthesized as a brownish-yellow solid with a yield of 

57.6% and a degree of substitution of 44.09%. The composites of CH/AgNP were brownish-yellow solids with yields of 80.8–83.4% (w/w), 

and exhibited surface plasmon resonance (SPR) peaks at 420–439 nm. CHoVSB/AgNP-1 and CHoVSB/AgNP-2 composites produced 

were green solids with yields of 72.5 and 80.3% (w/w), and SPR peaks at 419 and 447 nm, respectively. CHoVSB/AgNP-2 composite was 

found the best product featuring spherical shape with a size of 21 nm and a uniform particle distribution. It has displayed the potential 

to be used as a food preservative with the highest percentage of bacterial reduction of 99.5 and 98.6% at a concentration of 1000 ppm 

for 3 and 7 days of observation, respectively.
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1 Introduction
The food industry is obligated to maintain freshness, 
cleanliness, and endeavor to provide the highest qual-
ity food to customers. A primary objective is the safe-
guarding of food against contamination by harmful 
microorganisms, whether they originate within or are 
introduced outside. Microbial contamination may com-
promise food, diminish its quality, and pose significant 
risks to human health and life [1]. Microorganisms include 
Salmonella sp., Campylobacter sp., Listeria monocyto-
genes, Staphylococcus aureus, and Escherichia coli often 
contaminate food and induce illnesses [2].

Antibacterial agents may inhibit microbial contamina-
tion of food, hence preserving food quality [3, 4]. The use 
of antibiotics in food is discouraged due to its adverse 

effects [5]. Consequently, it is compelling to discover 
novel antibacterial agents that are both safe and efficacious 
in avoiding bacterial contamination of food. Over the last 
ten years, nanotechnology has developed as a pioneer-
ing invention facilitating the creation of nanometer-scale 
materials that may function as antimicrobials due to their 
extensive surface area-to-volume ratio [6]. 

Numerous metal nanoparticles originating from copper, 
zinc, gold, and silver have shown advantageous antibacte-
rial characteristics. Silver nanoparticles (AgNPs) have the 
capability to suppress the proliferation of several bacte-
rial strains [7]. The use of AgNPs as food preservatives 
represents a possible application within the food sector. 
AgNPs may effectively eliminate both gram-positive and 
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gram-negative bacteria, as well as fungus, while exhibit-
ing little damage to human tissue [8]. During the synthesis 
of antibacterial AgNPs, a capping agent is necessary to 
control particle size and avoid aggregation, hence assuring 
the antimicrobial activity of the AgNPs [9].

A variety of materials have been investigated as cap-
ping agents for AgNPs. Chitosan is a capping agent that 
offers several benefits over other options [9]. Chitosan is 
a useful substance that has biodegradable, biocompatible, 
and antibacterial qualities. Numerous research has shown 
that chitosan serves as an effective stabilizer for AgNPs. 
Moreover, chitosan-AgNPs have shown considerable anti-
bacterial and antifungal properties [10]. The efficacy of 
chitosan as a capping agent and subsequently as an antibac-
terial agent may be improved by structural modification. 
The active groups of chitosan, including amine (‒NH2 ) 
and primary hydroxyl, are amenable to further modifica-
tion with other groups. One of the potential modifications 
of chitosan is the synthesis of chitosan Schiff bases [11]. 

Chitosan Schiff bases include imine groups (>C=N‒) 
formed via the interaction of chitosan's amino group 
with aldehyde-containing substances via a condensation 
process [12]. Aldehyde-chitosan Schiff bases have been 
shown to prolong the shelf life of broccoli by as much as 
seven days [13]. Additional research indicates that alde-
hyde-chitosan Schiff bases have significant antibacterial 
efficacy against E. coli and S. aureus [14]. Heterocyclic 
aldehyde-chitosan Schiff bases have antifungal action 
against Candida albicans and Candida tropicalis [15]. 
Ortho-vanillin compounds with an aldehyde group may 
serve as effective capping agents. Ortho-vanillin Schiff 
bases serve as effective ligands for metals like nickel, 
cobalt, copper, and zinc, demonstrating significant action 
against S. aureus [16]. Vanillin has been shown as an effi-
cient reducing agent and stabilizer in the synthesis of van-
illin-AgNPs, which exhibit antibacterial action against 
streptococcus mutans [17]. We anticipated that the trans-
formation of chitosan into a chitosan-ortho-vanillin Schiff 
base (CHoVSB) might be promising for the development of 
novel AgNPs with antibacterial and biocompatible charac-
teristics, and minimal toxicity for use in the food sector. 
The production of AgNPs composites using CHoVSB as 
a capping agent and their use as a food preservative via 
antimicrobial testing has not been previously documented. 
The antibacterial efficacy of the synthesized AgNPs com-
posites was assessed on minced chicken flesh, and follow-
ing a seven-day storage period, the suppression of micro-
biological growth was investigated.

2 Experimental
2.1 Materials and instruments
Chitosan, characterized by a deacetylation degree of approx-
imately 65% (as determined by Fourier transform infrared 
spectroscopy (FTIR)) and a molecular weight of 338 kDa 
(measured using a Viscometer Ubbelohde), was acquired 
from CV Chi-Multiguna (CV Chi-Multiguna-Indonesia). 
Silver nitrate, ascorbic acid, sodium hydroxide, sodium chlo-
ride, absolute ethanol, glacial acetic acid, acetone, and plate 
count agar were purchased from Merck, whereas ortho-van-
illin and sodium tripolyphosphate (STTP) were sourced from 
Sigma Aldrich. The characterization of AgNPs was conducted 
using an FTIR spectrophotometer (Agilent, Cary 630 FTIR 
Spectrometer), an ultraviolet-visible (UV-Vis) spectropho-
tometer (Thermo Scientific, Genesys 10S UV-Vis), an atomic 
absorption spectrometer (Shimadzu AA-700), and field emis-
sion scanning electron microscopy with energy disper sive 
X-ray spectroscopy (FE-SEM-EDX, Jeol, JSM-6510LA).

2.2 Synthesis of chitosan-ortho-vanillin Schiff base
5 g of chitosan (0.0148 mmol) were dissolved in 250 mL 
3% (v/v) aq. acetic acid solution and agitated at room tem-
perature for 2 h until a homogenous chitosan gel was pro-
duced. 3 g of ortho-vanillin (19.7 mmol) was dissolved 
in 50 mL of 70% ethanol, and added dropwise into the 
chitosan solution. The reaction was halted by the gradual 
addition of 5% (w/v) aq. NaOH until a saturated precipitate 
was produced. The precipitate was filtered and rinsed with 
70% ethanol till achieving a pH of 7. The chitosan-or-
tho-vanillin Schiff base (CHoVSB) residue was subjected 
to drying in an oven at 70 °C until a consistent mass 
was achieved. The product was acquired with a yield of 
57.6% as a brownish-yellow solid and characterized using 
UV-Vis and FTIR spectroscopies.

2.3 Synthesis of chitosan/AgNPs and chitosan-ortho-
vanillin Schiff base/AgNPs composites
2.3.1 Procedure 1
Chitosan, or CHoVSB, at a concentration of 2% (w/v) in 
100 mL of 1% (v/v) aq. acetic acid, was heated to 50 °C. 
10 mL of 0.2% (w/v) AgNO3 was added dropwise to this 
solution, along with 10 mL of 1% (w/v) aq. ascorbic acid, 
and the pH was adjusted to 6. The mixture was then agi-
tated for 1 h at 50 °C. The mixture was incrementally added 
to 30 mL of 1% (w/v) aq. STPP and stirred for a further 
30 min. Subsequently, a 1 M aq. NaOH solution was added 
dropwise until the pH reached 10, followed by sonication 
in a water bath sonicator (42 kHz, 50 Watt, Krisbow) for 
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15 min. The mixture was incubated for 3 h at 60 °C, thereaf-
ter filtered, and the residue was rinsed with deionized water 
to achieve a pH of 7. The residue was dried in an oven at 
50 °C until a consistent bulk was achieved. The correspond-
ing residues were CH/AgNP-1 and CHoVSB/AgNP-1.

2.3.2 Procedure 2
Chitosan or CHoVSB at a concentration of 2% (w/v) in 
100 mL of 1% (v/v) aq. acetic acid was heated to 50 °C. 
Subsequently, 30 mL of 1% (w/v) aq. STPP was added drop-
wise, and the mixture was agitated for 30 min. 10 mL of 
0.2% (w/v) aq. AgNO3 was added dropwise to this solu-
tion, along with 1% (w/v) aq. ascorbic acid, and the pH was 
adjusted to 6. The mixture was then agitated at 50 °C for 
1 h. A 1 M aq. NaOH solution was added dropwise until the 
pH reached 10, followed by sonication in a water bath for 
15 min. The mixture was incubated for 3 h at 60 °C, thereaf-
ter filtered, and the residue was rinsed with deionized water 
to achieve a pH of 7. The residue was subjected to drying in 
an oven at 50 °C until a consistent mass was achieved. The 
relevant residues were CH/AgNP-2 and CHoVSB/AgNP-2.

2.3.3 Procedure 3
CHoVSB at a concentration of 2% (w/v) in 100 mL of 
1% (v/v) aq. acetic acid was heated to 50 °C. Subsequently, 
30 mL of 1 g STTP in 100 mL aquademineralization (w/v) 
(1% STTP) was added dropwise, and the mixture was agi-
tated for 30 min. 10 mL of 0.2% (w/v) aq. AgNO3 were added 
dropwise to this solution, along with 10 mL of 1% ascorbic 
acid, and the pH was adjusted to 6. The mixture was also agi-
tated at 50 °C for 1 h. A 1 M aq. NaOH solution was added 
dropwise until the pH reached 10, followed by sonication in a 
water bath for 15 min. Following sonication, the mixture was 
subjected to filtration, and the residue was rinsed with deion-
ized water until a pH of 7 was achieved. The residue was sub-
jected to drying in an oven at 50 °C until a consistent mass 
was achieved. The resultant residue was CHoVSB/AgNP-3.

2.3.4 Procedure 4
CHoVSB at a concentration of 2% (w/v) in 100 mL of 
1% mL glacial acetic acid was agitated at ambient tem-
perature until homogeneity was achieved. Subsequently, 
30 mL of 1% STTP was added dropwise, and the mix-
ture was agitated for 30 min. 10 mL of 0.2% (w/v) aq. 
AgNO3 were added dropwise to this solution, along with 
10 mL of 1% ascorbic acid, and the pH was adjusted to 6. 
The mixture was then agitated for 1 h at ambient tempera-
ture. A 1 M aq. NaOH solution was added dropwise until 
the pH reached 10, followed by sonication in a water bath 

for 15 min. Following sonication, the mixture was sub-
jected to filtration, and the residue was rinsed with deion-
ized water to achieve a pH of 7. The residue was subjected 
to drying in an oven at 50 °C until a consistent mass was 
achieved. The resultant residue was CHoVSB/AgNP-4.

2.4 Characterization of the AgNPs composites
The interaction between AgNPs, chitosan, and CHoVSB was 
examined using IR spectroscopy. UV-Vis spectrophotome-
try was used to identify the creation of AgNPs, as shown by 
surface plasmon resonance (SPR) peaks. The overall silver 
concentration in the composites was quantified by an atomic 
absorption spectrometry (AAS). The shape, distribution, and 
dimensions of AgNPs were evaluated using FE-SEM-EDX. 
FE-SEM-EDX images effectively illustrate the surface fea-
tures and particle size distribution, provide configuration and 
composition of nanoparticles. In addition, the ImageJ® soft-
ware [18] is used to measure particle measuring. The average 
particle size and AgNPs distribution are determined by the 
analysis of Gaussian distribution with Origin® software [19].

2.5 Antibacterial activity
The antibacterial efficacy of CH/AgNP and CHoVSB/AgNP 
composites was determined using the procedure described 
by [20]. Composite sample solutions with a concentration 
of 2,500 ppm in 1% acetic acid were created. The posi-
tive control used was a 300-ppm ciprofloxacin solution, 
whereas the negative control was a 1% acetic acid solution. 
Minced chicken flesh (2,225 g) was sterilized by immer-
sion in to a 0.001% sodium hypochlorite solution for 2 min. 
The minced chicken was encased in polyethylene and main-
tained at 4 °C for 7 days. Bacterial colonies were observed 
on days 0, 3, and 7 using the total plate count technique. 

Subsequently, 10 g minced chicken was completely 
homogenized with 90 mL of sterile 0.9% NaCl solution 
to create the first dilution. Subsequent dilutions were pre-
pared from 10−1 to 10−6. 1 mL of each diluted solution 
was transferred onto a sterile Petri dish containing plate 
count agar medium. Petri plates were incubated for 24 h at 
ambient temperature. The bacterial colonies in each petri 
dish were counted visually, according to the criteria of 
25–250 colonies per dish.

3 Result and discussion
3.1 Synthesis of chitosan-ortho-vanillin Schiff base
CHoVSB was synthesized by a condensation process 
between the main amino group of chitosan and the carbonyl 
group of ortho-vanillin (Fig. 1). The amino group of chitosan 
functions as a nucleophile, whereas the carbonyl group of 
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ortho-vanillin serves as an electrophile [21]. The CHoVSB 
product obtained was a brownish-yellow solid with a yield 
of 57.6% (w/w) and a degree of substitution of 44.09%.

The effective synthesis of CHoVSB was shown by 
the formation of an azomethine group (R1HC=N‒R2). 
The azomethine group in CHoVSB was confirmed by the 
peak at ῡ 1625 cm−1 (Fig. 2(a)) [22]. The FTIR study indi-
cates an absorption band for the ‒OH and ‒NH groups 
in chitosan at ῡ 3294 cm−1, which moved to 3287 cm−1 in 
CHoVSB. In chitosan, a distinct absorption was seen from 
the carbonyl group at 1647 cm−1, while an absorption at 
1625 cm−1 in the FTIR spectrum of CHoVSB was attributed 
to the stretching of the imine group [23]. The transition 
from 1647 cm−1 to 1625 cm−1 may be ascribed to the influ-
ence of electronegativity. In comparison to chitosan, the 
UV-Vis spectra of CHoVSB exhibits a novel absorption 
band at a wavelength of 264 nm, indicative of a π → π* 
transition of the imine group (Fig. 2(b)). The maximum 
value of CHoVSB was equivalent to that of ortho-vanillin. 
The application of 70% ethanol to CHoVSB will entirely 
eliminate the remaining ortho-vanillin from the CHoVSB 
product [24]. The peak resulted from the creation of a new 
imine group in CHoVSB via the condensation reaction 
between chitosan and ortho-vanillin.

3.2 Synthesis of CH/AgNP and CHoVSB/AgNP
AgNPs composites were formed by the reaction of chitosan 
or CHoVSB with AgNO3, ascorbic acid, and STPP (Fig. 3, 
Table 1). Chitosan and CHoVSB functioned as capping 
agents for AgNPs, inhibiting aggregation, whereas the 
synthesis of AgNPs was effectively accomplished by the 
cross-linking of chitosan or CHoVSB with STPP. The syn-
thesized AgNPs exhibited a reduced size range (1–100 nm) 
and a homogeneous size distribution [25]. The synthesis of 

AgNPs composites using chitosan and its derivatives demon-
strates superior characteristics for surface area, dimensions, 
morphology, size distribution, and stability [26]. AgNPs 

Fig. 1 General reaction of CHoVSB

Fig. 2 (a) Spectra FTIR of chitosan (CH) and CHoVSB, (b) UV-Vis 
spectra of chitosan (CH), CHoVSB, and ortho-vanillin (oV)
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have significant antibacterial efficacy and has the potential 
to serve as broad-spectrum, stable bactericides with little 
toxicity [27, 28]. Moreover, a reduced size coupled with an 
increased surface area in AgNPs aids in preventing aggrega-
tion, hence boosting their antibacterial efficacy [27].

3.3 Characterization of AgNPs composites
Table 1 delineates the differences in characteristics of 
the produced composites. A spherical shaped AgNPs has 
an SPR peak at around 410 nm.  These results are in line with 
the research that has been done previously by [29, 30]. Fig. 4 
illustrates the SPR patterns of CH/AgNP and CHoVSB/

Fig. 3 General reaction for (a) the synthesis of CH/AgNP composite, and (b) CHoVSB/AgNP composite

(a)

(b)

Table 1 Properties of synthesized AgNPs composites

Procedure Sample Yield % (w/w) SPR effect (nm) Molar extinction 
coefficient (ε) (cm2/g)

Peak 
profile

Average size of 
particles (nm)

Incoming Ag adsorption 
by AAS (%)

1 CH/AgNP-1 83.4 420 664 Weak 99 2.86

2 CH/AgNP-2 80.8 439 598 Sharp 32 1.91

1 CHoVSB/AgNP-1 72.5 419 216 Weak Not measured Not measured

2 CHoVSB/AgNP-2 83.9 447 231 Sharp 21 1.63

3 CHoVSB/AgNP-3 77.9 413 183 Weak 29 1.52

4 CHoVSB/AgNP-4 87.3 425 300 Sharp Not measured Not measured
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AgNPs composites. In comparison, CH/AgNP-2 (Fig. 4(a)) 
and CHoVSB/AgNP-2 (Fig. 4(b)) exhibit a SPR pattern 
characterized by a higher wavelength and robust inten-
sity. A broader absorption peak and an increased maxi-
mum wavelength (λmax) indicate a larger nanoparticle size 
with more vigorous oscillation [31, 32]. A symmetrical SPR 
peak pattern indicates homogeneous dispersion of nanopar-
ticles [29]. The findings show that the development of cross-
links between chitosan or CHoVSB and STPP prior to the 
reduction of Ag+ ions enhance the absorption of metal ions. 
The cross-linking of chitosan or CHoVSB with STPP resulted 
in a uniform and accessible pore structure while decreas-
ing the degree of crystallinity [33]. Significantly, increas-
ing the reaction temperature during the synthesis of AgNPs 
composites enhanced the intensity of the SPR profile [34]. 
Heating may facilitate molecular collisions, therefore 

inhibiting the generation of undesirable side products [35]. 
A notable λmax shift in CH/AgNP-2 and CHoVSB/AgNP-2, 
in comparison to the corresponding AgNPs, clearly demon-
strates that the second method used for synthesizing AgNPs 
using chitosan or CHoVSB as a capping agent was the most 
efficacious [36]. Simultaneously, incubation at 60 °C after 
sonication has enhanced the peak intensity and λmax val-
ues (procedures 1 and 2) [33, 34]. Consequently, CHoVSB/
AgNP-2 demonstrated a superior SPR pattern compared to 
AgNPs (CHoVSB/AgNP-3 and CHoVSB/AgNP-4), which 
were not subjected to incubation after sonication. CH/
AgNP-1 and -2, together with CHoVSB/AgNP-2 and -3, 
were used for further analysis.

Fig. 5 illustrates the FTIR spectrum of the AgNPs com-
posites, indicating a shift and heightened absorption inten-
sity in the O‒H and N‒H stretches, as well as the C=N 
stretch, in comparison to pure chitosan and CHoVSB. 
Amine (‒NH) and hydroxyl groups have a strong affinity 

Fig. 4 UV-Vis spectra of (a) CH/AgNP composites, and (b) CHoVSB/
AgNP composites

Fig. 5 FTIR spectra of (a) chitosan and CH/AgNP-2 composite, 
and (b) CHoVSB and CHoVSB/AgNP-2 composite
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for silver ions. The disparity in electronegativity between 
nitrogen and oxygen atoms influences the attachment 
of free electrons to silver metal [37, 38]. The reduction 
in peak intensity for the >C=N‒ group, seen at around 
1640 cm−1 in CH/AgNP-2 (Fig. 5(a)) and 1625 cm−1 in 
CHoVSB/AgNP-2 (Fig. 5(b)), shows that chitosan and 
CHoVSB effectively functioned as capping agents during 
the synthesis of AgNPs [11]. 

In CH/AgNP, the surface exhibits larger and more 
irregular aggregates with relatively porous characteris-
tics, indicating a high surface area (Fig. 6(a)). The size 
distribution graph in Fig. 6(c) supports this observation, 
as the particles exhibit a broad distribution, predomi-
nantly below 30 nm, but with larger aggregates contrib-
uting to the overall average size of 99 nm. Such a struc-
ture might favor applications requiring extensive surface 

Fig. 6 CH/AgNP-1: (a) morphology, SEM image 7.000×, (b) EDX mapping, and (c) size distribution histogram; and CH/AgNP-2: (d) morphology, 
SEM image 7.000×, (e) EDX mapping, and (f) size distribution histogram
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interaction, such as catalysis or adsorption, albeit with 
potential stability challenges due to the heterogeneous 
size distribution. Conversely, in Fig. 6(d), the surface is 
more uniform and compact, with smaller and more evenly 
distributed particles. The corresponding size distribu-
tion in Fig. 6(f) confirms this, with a tighter distribution 
around a significantly smaller average particle size of 32 
nm. This reduced particle size, combined with the uniform 
morphology, suggests enhanced stability and potential for 
higher reactivity due to the increased surface-to-volume 
ratio. Moreover, elemental mapping in Fig. 6(b) and (e) 
highlights the uniformity of carbon, nitrogen, oxygen, 
and silver distributions, which is crucial for applications 
like electrochemical devices or antimicrobial coatings. 
Notably, the uniform incorporation of Ag in Fig. 6(e) may 
enhance functionalities such as electrical conductivity or 
biocidal activity. Fig. 6 shows SEM images of CH/AgNP, 
illustrating that AgNPs are adhered to chitosan and have 
a spherical morphology. CH/AgNP-2 exhibited a more 
uniform distribution of AgNPs and a lower average par-
ticle size of 32 nm, in contrast to CH/AgNP-1, which 
had an average size of 99 nm. This work has shown the 
impact of including STPP prior to the reduction of sil-
ver ions. The inclusion of a crosslinker enhances the sta-
bility of chitosan molecules for the adsorption of metal 
ions, including Ag+ ions [39]. This aligns with the EDX 
study, which indicated that the mass percentage of Ag in  
CH/AgNP-2 (1.00%) exceeded that of CH/AgNP-1 (0.26%).

The CHoVSB/AgNP-2 sample in Fig. 7(a) exhibits 
a dense surface with small, well-distributed nanoparticles 
embedded within the matrix, as reflected by the tighter 
particle size distribution with the smallest average size of 
21 nm (Fig. 7(c)). This morphology indicates a large sur-
face area and higher uniformity, enhancing the material's 
reactivity and stability. The elemental mapping in Fig. 7(b) 
demonstrates a homogeneous distribution of Ag alongside 
other elements, supporting uniform functional perfor-
mance, particularly in applications like catalysis or antimi-
crobial coatings, where consistent nanoparticle dispersion 
is crucial. SEM-EDX studies confirmed that the CHoVSB/
AgNP-2 composite exhibited a reduced size (21 nm) 
and a more uniform distribution compared to CHoVSB/
AgNP-3 (28 nm) and CH/AgNP composites. The incor-
poration of STPP into CHoVSB prior to Ag+ ion reduction 
influenced the size and distribution of the AgNPs, simi-
lar to chitosan. The SEM examination indicated that the 
concentration and homogeneity of AgNPs on the surface 
of CHoVSB exceeded those of chitosan. The incorpora-
tion of hydroxyl groups in CHoVSB enhanced its capacity 

to interact with AgNPs. The homogeneous distribution of 
AgNPs in CHoVSB/AgNP-2 was confirmed by the SPR 
pattern. Moreover, sonication and heating in a water bath 
at 50 °C significantly influenced the dimensions of the 
resultant nanoparticles, with sonication disrupting the 
aggregation of AgNPs, leading to a significant reduc-
tion and narrowing of the particle diameter. In contrast, 
the CHoVSB/AgNP-3 sample in Fig. 7(d) shows a slightly 
rougher texture with less densely packed nanoparticles 
compared to CHoVSB/AgNP-2. The particle size distribu-
tion in Fig. 7(f) is relatively broader, with a larger average 
size of 28 nm, indicating a slight compromise in surface 
area and uniformity. Despite this, the elemental mapping 
in Fig. 7(e) suggests a consistent integration of Ag and 
other elements, ensuring adequate functional properties 
and stability. EDX analysis indicated that the concentra-
tion of Ag in CHoVSB/AgNP-2 (12.77%) exceeded that in 
CHoVSB/AgNP-3 (5.21%), indicating superior adsorption 
of Ag with CHoVSB compared to chitosan. Consequently, 
CHoVSB is determined to be a more appropriate capping 
agent for the production of AgNPs compared to chitosan.

The comparison between CH/AgNP and CHoVSB/
AgNP reveals distinct differences in surface morphol-
ogy, particle size distribution, elemental homogeneity, 
and overall stability. CH/AgNP generally displays a more 
irregular surface with larger aggregates and broader par-
ticle size distributions, indicating higher surface area but 
reduced uniformity, which may impact performance con-
sistency. In contrast, CHoVSB/AgNP exhibits a denser 
and more compact morphology with finer, more uniformly 
distributed nanoparticles, ensuring enhanced structural 
integrity and stability. Elemental mapping of CHoVSB/
AgNP also shows superior homogeneity in silver distri-
bution, which is crucial for consistent functional perfor-
mance. While CH/AgNP may be better suited for applica-
tions emphasizing surface interactions, such as adsorption 
or catalysis, CHoVSB/AgNP is more advantageous for 
precision applications requiring stability, uniformity, 
and refined particle characteristics, such as antimicrobial 
coatings, drug delivery, or high-performance catalysts. 
Overall, CHoVSB/AgNP demonstrates superior material 
properties tailored for advanced and reliable applications.

3.4 Antimicrobial activity
The food preservation efficacy of the synthesized AgNPs 
composites was assessed using the total plate count tech-
nique on agar plate count medium, and their capability to 
suppress bacterial growth was tested. Fig. 8 illustrates that 
CHoVSB/AgNP-2 emerged as the most effective composite 
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for suppressing bacterial growth in minced chicken flesh, 
with inhibition percentages of 99.5% and 98.6% on the 
third and seventh days, respectively [34]. The synthesized 
AgNPs exhibit superior antibacterial activity compared 
to chitosan and the Schiff base (CHoVSB) in extending 
the shelf life of chicken flesh by inhibiting breakdown or 
spoilage. The dimensions and distribution of particle size 
affect the antibacterial efficacy of AgNPs by modifying 
the surface area available for microbial interaction with 
minced chicken [40].

Khan et al. [41] showed that the application of a 1.5% 
chitosan/AgNPs composite effectively preserved rabbit 
meat for 16 days at 4 °C. Prior research has shown that 
immersing beef in a 10% AgNPs solution for 4 h may 
maintain the quality of the meat for a minimum of seven 
days [42]. Researchers have shown that chitosan and its 
derivatives exhibit antibacterial properties by suppressing 
the proliferation of pathogenic and food spoilage bacte-
ria [43]. The polycationic groups NH

3

+  or >C=NH+ inter-
act with the anion of lipopolysaccharides on bacterial cell 

Fig. 7 CHoVSB/AgNP-2: (a) morphology, SEM image 50.000×, (b) EDX mapping, and (c) size distribution histogram; and CHoVSB/AgNP-3: 
(d) morphology, SEM image 50.000×, (e) EDX mapping, and (f) size distribution histogram
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