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ABSTRACT

Silver nanoparticles (Ag NPs) were incorporated with a uniform alginate polymer
matrix for developing the Alginate-Ag composite. The surface morphology of the
nanocomposite was examined by scanning electron microscopy (SEM). The optical
characteristics of the nanocomposite were investigated by photoluminescence (PL)
and UV-Vis absorption measurement. The study showed that the AgNPs were well-
dispersed into the matrix of alginate, the integrated nanoparticles had a size ranging
from 7 — 66 nm, and had an average size of about 20.8 nm, and there was aggregation
of AgNPs into small clusters. The UV-Visible spectrum showed absorption with a
maximum value of 410 nm. The Alginate-Ag nanocomposite demonstrated strong
antagonistic properties against the fungi A. niger with inhibition rates of 100, 200

ppm at 73.01%, and 87.41%, respectively.

Keywords: Alginate, silver nanoparticles (Ag NPs), nanocomposite, biopolymer,

antifungal.
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1. INTRODUCTION

Alginates are natural polysaccharides found predominantly in the cell walls of
brown macroalgae and certain bacteria, such as Azotobacter and Pseudomonas [1].
Commercially, alginates are derived exclusively from algae and are typically available
in the form of sodium alginate, which is the salt form of alginic acid [2]. Alginates have
been classified as GRAS (generally recognized as safe) substances by the U.S. Food and
Drug Administration (FDA) [3], and their use, along with that of their related salts, has
been approved by the European Food Safety Authority (EFSA) under specific dose
restrictions [4]. Sodium alginate is frequently used in the culinary sector as a thickening,
stabilizing, and gelling ingredient with application [5]. Alginate has a lot of advantages,
such as high biocompatibility, non-toxicity, non-immunogenicity, biodegradability, low
cost, and easy crosslinking with divalent cations [6]. Due to this, alginate could be very
useful in many areas, which include biomedical and tissue engineering, textile printing,
water treatment, and drug delivery systems [7,8]. However, Alginate has some
problems, such as not being very strong and not having any natural antibacterial
properties. To get around these problems, alginate is often mixed with other things like
plant extracts, essential oils, chitosan, bacteriocins, enzymes, organic acids, or metallic

nanoparticles [3,9].

Silver nanoparticles (AgNPs) have attracted significant interest owing to their
unique physicochemical characteristics and extensive biological activity [10-13]. A
variety of investigations have shown that AgNPs kill bacteria by entering their cell
membranes and damaging their structure, which kills the cells [14,15]. AgNPs release
Ag* ions, which attach to parts of the cell wall and membrane, making the membrane
more permeable and breaking down the integrity of the cells [16,17]. The released Ag*
can enter cells, prevent respiratory enzymes from working, inhibit ATP production, and
cause reactive oxygen species (ROS) to form. This leads to oxidative stress, which makes
it more difficult for DNA to replicate itself and cells to divide by connecting to
biomolecules that contain sulfur and phosphorus [15]. AgNPs can also get through
membranes, which can cause intracellular components to leak out and cells to die. It may
also disrupt cellular signal transduction by altering the phosphorylation of proteins
[15,18].

The combination of these mechanisms makes AgNPs an outstanding
antimicrobial agent. Puttakhun et al. investigate the antibacterial activity of
nanocomposite materials based on AgNPs, skim natural rubber (SNR), and bacterial
cellulose (BC), reporting that BC-SNR-0.08 Ag decreased Staphylococcus aureus (S. aureus)
by approximately 98% and Escherichia coli (E. coli) by 63% [19]. Rozilah et al. integrated
AgNPs into sugar palm nanocrystalline cellulose and tested their inhibitory effects
against E. coli, S. aureus, and Salmonella, finding average inhibition zones of 7.66—7.83 mm,
0.1-0.5 mm, and 7.5-8.0 mm, respectively [20]. The suppression of S. aureus using
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chitosan membranes combined with AgNPs was investigated by Monica Potara et al.,
and it was revealed that the minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of the chitosan—-Ag bionanocomposite synthesized at 0
°C were lower than those obtained at 35 °C [14].

Alginate-Ag is rarely investigated as a standalone material. Instead, it is
commonly combined with additional components such as metal ions, metal oxides,
bioceramics, or secondary biopolymers to enhance antimicrobial performance and
structural stability. Previous studies have shown that Alginate-Ag-based composite
systems effectively inhibit pathogenic microorganisms, including E.coli, S.aureus, and
Botrytis cinerea [21-24]. Despite these advances, research on the antifungal activity of
such alginate-Ag composite systems remains limited, particularly against filamentous
fungi, indicating a clear gap in current studies.

This study aims to investigate and fabricate Alginate-Silver (Alg-Ag)
nanocomposite materials with improved mechanical characteristics, antibacterial
activity, and possible uses in food preservation. The surface morphology of the
Alginate-Ag nanocomposite was examined by scanning electron microscopy (SEM). The
optical properties of the nanocomposite were further assessed using UV-Vis and
photoluminescence spectroscopy (PL). The antimicrobial activity of the materials
effectiveness against Aspergillus niger (A.niger) was investigated using a dry weight
method and disk diffusion

2. MATERIALS AND METHODS
2.1. Materials

Sodium Alginate was purchased from Xilong, and AgNPs solution was prepared
by the citrate reduction method [25]. The Aspergillus niger (A.niger) strain was provided
by the Vietnam Academy of Science and Technology. Other chemical reagents, including
peptone (Himedia), agar (Hailong, Vietnam), and dextrose (Xilong), were purchased.

2.2. Preparation of Characterization of Alginate - Ag Nanocomposite

The Alginate — Ag nanocomposite was synthesized by mixing a 1.5% alginate
solution with silver nanoparticle (AgNP) solution at concentrations of 25, 50, 100, and
200 ppm. The mixture was stirred continuously until a uniform solution was obtained.

Optical Characterization

The surface morphology of the Alginate and Alginate - Ag nanocomposite was
examined by scanning electron microscopy (SEM; Hitachi Regulus 8100). Subsequently,
the particle size of the Ag nanoparticles was determined wusing Image].
Photoluminescence (PL) measurements were investigated by exciting samples at a
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wavelength of 325 nm using a He-Cd laser (Kimmon), and the PL spectrum was
analyzed with a high-resolution spectrometer (SP 2500i, Princeton). UV-Vis absorption
measurements were performed using a Shimadzu 2450 spectrophotometer.

2.3. Antifungal Performance of the Alginate - Ag Nanocomposite

A.niger was chosen as the test microorganism to evaluate the antifungal efficacy
of the nanocomposite materials. The A. niger culture medium was prepared using
Sabouraud Dextrose Agar/Broth (SDA/SDB) media and sterilized in an autoclave at
121°C for 15-20 minutes. After cooling, 10°spores were added to 10 mL of medium in
conical flasks to make seed cultures. The flasks were then incubated at 30 °C and 180
rpm for 24 hours. The fungal suspensions have been divided into groups according to
their concentrations: control, alginate, Alginate-Ag (25, 50, 100, and 200 ppm), and free
AgNPs of various concentrations.

We used dry weight and disk diffusion methods to test how well the antifungal
worked. For the dry weight test, after 24 hours, treated fungal cultures were filtered
through pre-dried filter paper, washed three times with deionized water, dried at 80 °C
for three hours, and then weighed to find the dry biomass [26]. We carried out disk
diffusion tests using the Kirby-Bauer method. We spread 100 uL of A.niger spore
suspension on SDA plates, put sterile disks with test samples on top, and incubated the
plates at 34 °C for 48 hours [27].

3. RESULTS AND DISCUSSION
3.1. Morphological and Structural Characterization of the Nanocomposite

The surface morphology of the Alginate and Alginate-Ag nanocomposite was
analyzed by a scanning electron microscope (SEM) in Figure 1. The figure demonstrates
that pure alginate has a surface that is rather smooth and uniform. The surface of the
Alg-Ag nanocomposite, on the other hand, has several bright spots demonstrating the
presence of AgNPs. The size of the AgNPs was calculated using the Image] software.
Some particles are spread out on their own, and aggregation of AgNPs into a small
cluster. The histogram size distribution of AgNPs is shown in Figure 1C, with sizes
ranging from 7 - 66 nm, with an average of around 20.8 nm. The clear contrast between
Figure 1a and Figure 1b shows that the Ag nanoparticles were successfully added to the
alginate matrix, which significantly affected the sample's surface morphology.
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C) Average particle size about 20.8 nm

S
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Figure 1. SEM images of a) Alginate, b) Alginate - Ag sample, and c) Particle size distribution
histogram of the AgNPs in Alginate

3.2. Photoluminescence and UV-Vis spectrum

The UV-Vis and PL spectra of all samples are presented in Figure 2. It can be seen
that the Alginate-Ag nanocomposite exhibits no photoluminescence under 325 nm
excitation in Figure 2a. This can be explained by the fact that AgNPs themselves have
very weak or even negligible photoluminescence, and alginate is a polysaccharide
composed of mannuronic and guluronic acid units and therefore does not exhibit
intrinsic fluorescence [28].
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Figure 2. a) PL, and b) UV-Vis spectra of the AgNP (black), Alginate-Ag (blue), Alginate (red)

The absorption properties of the samples were examined by UV-Vis
spectroscopy (Figure 2b). Alginate showed no absorption in the visible region, and the
Alginate-Ag nanocomposite had a clear SPR peak at 410 nm [29], which indicated that
AgNPs were present. At 1000 ppm, free AgNPs showed a strong and sharp absorption
peak at the same wavelength. The Alginate-Ag nanocomposite had a lower
concentration of AgNPs (100 ppm), but it still had the same SPR peak with a lower
intensity and a slightly narrower spectrum (FWHM = 66.13 nm) than free AgNPs
(FWHM = 68.14 nm). The results indicate that AgNPs were successfully trapped and
interacted with the alginate matrix.
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3.3. Antifungal activity

The antifungal activities of AgNPs and Alginate-Ag nanocomposites against A.
niger were evaluated using the disk diffusion method (Figure 3). At low concentrations
(25-50 ppm), there were small inhibition zones, which showed weak antifungal activity.
However, at 100 ppm and 200 ppm, the inhibition diameter increased significantly to
about 10 mm and 13 mm, respectively, showing that the effect depended on the
concentration. There was no inhibition zone for alginate without AgNPs, which
indicates the polymer matrix itself lacks antifungal properties.

Alginate-Ag nanocomposites showed structures similar to free AgNPs, with
distinct inhibition zones at concentrations > 100 ppm, demonstrating that AgNPs
preserved their antifungal properties after being incorporated into the alginate matrix.
The slightly smaller inhibition zones are due to the fact that Ag*ions can't move freely
through the alginate network. Penicillin exhibited no antifungal properties, as it is only
effective against bacteria [30].
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Figure 3. Zone inhibition test for a) AgNPs, and b) Alginate — Ag nanocomposite with different

concentrations by using the disk diffusion method after 48 hours.

Figure 4 illustrates the antifungal activity against A. niger using the dry-weight
method of the AgNPs and Alginate — Ag nanocomposite with different concentrations.
As can be seen a clear difference in the amount of fungal biomass between the sample
groups. The control sample had the highest dry-weight value, which demonstrated that
fungal spores grew normally in Sabouraud Dextrose broth (SDB) after 24 hours. The
pure alginate sample had a dry weight that was also rather high, but not quite as high
as the control. This little decrease is due to 1.5% alginate is viscous and forms gels, which
can inhibit the growth rate of A. niger by limiting the spread of nutrients and hyphal
extension.
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Figure 4. Dry weight value of A.niger with different groups after 24 hours of growth

All samples containing AgNPs in both free form and bound inside the alginate
matrix significantly reduced the fungal dry weight compared to the control. The
antifungal effectiveness of the sample groups Alginate, Ag 200, 100, 50, 25 ppm, and
Alginate - Ag 200, 100, 50, 25 ppm were 60.32, 93.15, 81.06, 76.39, 70.32, 87.41, 73.01, 63.47,
and 27.82%, respectively. This finding aligns with the recognized antifungal activities of
AgNPs, which include membrane rupture, enzyme inactivation, and the suppression of
cellular metabolic processes [14-18]. These results show that 100 ppm is the lowest
amount needed for both free AgNPs and the Alginate-Ag nanocomposite can be used
antifungal activity against A. niger. The finding points to the prospective utilization of
these materials in the fabrication of intelligent biopolymers for the preservation of fruits
and food.

4. CONCLUSION

We incorporate AgNPs in the alginate matrix using a simple and effective
production method. SEM, PL, and UV-Vis analyses confirmed the presence of AgNPs in
the alginate network. Antifungal testing showed that the Alginate - Ag nanocomposite
prevented mold growth. AgNPs in all samples, both free and embedded with an alginate
matrix, reduced fungal growth more effectively than the control. Along with the eco-
friendliness and the biocompatibility of the alginate substrate, the Alginate - Ag showed
a strong potential for application in food packaging.
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TO HOP VAT LIEU NANOCOMPOSITE ALGINATE - HAT NANO BAC:
CHE TAO VA UNG DUNG KHANG NAM

Mai Thity Quynh!?, Nguyén Hoang Hiép !, Pham Vin Thanh 12,
Nguyén Thi Ngoc Han 3, Nguyén Duy Thién !, Bui Thi Trang?,
Nguyén Hoang Duong 2, Mai Hong Hanh*

Khoa Vat ly, Truong Pai hoc Khoa hoc Ty Nhién, Dai hoc Qudc gia Ha No6i

2Trung Tam Doi Méi Sang Tao Vé Cong Nghé Chat Mém, Trung tdm Nghién ctru va Phét trién
Cong nghé cao, Vién Han lam Khoa hoc va Cong nghé Viét Nam

3Khoa Vat ly, Treong Dai hoc Su pham Ha N6i
4Khoa Pién tir va Vién thong, Truong Pai hoc Cong nghé, Pai hoc Qudc gia Ha Noi
*Email: hanhhongmai@vnu.edu.vn

TOM TAT

T6 hop vat liéu nanocomposite Alginate — Bac dwgc nghién ctru va ché tao béng cach
tich hop cac hat nano bac vao trong ma tran polymer alginate, ttt &6 hinh thanh mét
cdu truc vat liéu nanocomposite dong nhat. Bé mat cdu trac hinh thai cua t6 hop
nanocomposite duwroc khao sat bang kinh hién vi dién tir quét (SEM). Déong thoi, cac
tinh chat quang ciing duoc tién hanh danh gid bang phép do UV-Vis, PL. Tt anh
SEM cho thdy AgNPs da dugc phan tan vao trong ma tran polymer Alginate, kich
thudce hat tir 7 — 66 nm va c6 kich thudc hat trung binh khoang 20,8 nm, dong thoi
¢6 xu hudng tu thanh cac cum nhoé. Phé hap thu UV-Vis cho thdy dinh hap thu dac
trung tai 410 nm. Pang chd y, nanocomposite Alginate — Ag thé hién kha nang khang
nam mac A.niger tot voi ti 1€ trc ché€ dat 73,01% va 87.41% lan lwgt d6i véi Alginate —

Ag 100ppm va 200 ppm.

Tt khéa: Alginate, hat nano bac (Ag NPs), nanocomposite, polymer sinh hoc, khang

.
nam.
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Mai Thuy Quynh sinh ngay 14/04/2001 tai Hai Phong. Ba t6t nghiép ct
nhan nganh Vat ly hoc nam 2023 va thac si chuyén nganh Quang hoc,
Vit ly tai Khoa Vat ly, Truong Dai hoc Khoa hoc Ty nhién, PH Qudc Gia
Ha Noi nam 2025. Hién nay, ba céng tac Trung tdm Trung Tam Doi Mé6i
Sang Tao Vé Cong Nghé Chat Mém, Trung tam Nghién cttu va Phat trién
Cong nghé cao, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

Linh viec nghién citu: Cam bién quang hoc, Vat ly sinh hoc, Quang hoc vat

liéu...

Nguyén Hoang Hiép sinh ngay 12/11/2003 tai Ha Noi. Ong t8t nghiép
ct nhan chuyén nganh Vit ly hoc nam 2025. Hién nay, 6ng dang theo
hoc chuong trinh dao tao thac si chuyén nganh Vit ly tai treong Dai hoc
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Linh vwec nghién ciru: Vat ly sinh hoc, Quang hoc vat liéu, Quang hoc...

Pham Vin Thanh sinh ngay 06/12/2002 tai Hung Yén. Ong t5t nghiép
Ctt nhan nganh Vat ly hoc tai khoa Vat ly, treong Dai hoc Khoa hoc Tw
nhién, PH Qudc Gia Ha Noi nam 2024. Hién nay, 6ng dang la nghién
ctru sinh chuyén nganh Quang hoc, Vat ly tai khoa Vat ly, treong Dai
hoc Khoa hoc Ty nhién, DPH Qudc Gia Ha Noi. Ong dang cong tac tai
Trung Tam DGi Mdi Sang Tao Vé Céng Nghé Chat Mém, Trung tam
Nghién cttu va Phat trién Céng nghé cao, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam.

Linh viec nghién ciru: Cam bién quang hoc, Vat ly sinh hoc, Quang hoc vat

liéuy,...

Nguyén Thi Ngoc Han sinh ngay 19/04/2003 tai Quang Ninh. Ba t&t
nghiép Ct nhan nganh Vat ly hoc tai khoa Vat ly, truong Pai hoc Khoa
hoc Tw Nhién, PH Qudc Gia Ha Noi ndm 2025. Hién nay, ba dang 1a hoc
vién cao hoc chuyén nganh Vat ly Chat ran tai khoa Vit ly, treong Dai

hoc Su pham Ha Noi 1.

Linh viee nghién civu: Cam bién quang hoc, Vi laser, Quang hoc vat liéu.
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Nguyén Duy Thién sinh ngay 30/03/1986 tai Bic Ninh. Ong t5t nghiép
ct nhan nganh Vat ly hoc ndm 2008, thac si chuyén nganh Vat ly chat
rdn nam 2012, Tién si nganh Vat ly hoc nam 2021 tai Treong Dai hoc Pai
hoc Khoa hoc Tw nhién, Dai hoc Qudc gia Ha Noi. C)ng cong tac tai Khoa
Vat ly, Dai hoc Khoa hoc Tu nhién, Dai hoc Qudc gia Ha Noi ttr ndm
2008.

Linh vyc nghién civu: Vat ly, Vat liéu nano, cam bién.

Bui Thi Trang sinh ngay 15/6/1992 tai Thanh Hod. Ba t&t nghiép ki sw
chuyén nghanh Cong Nghé Sinh Hoc, Pai hoc mé Ha Noi nam 2014, t6t
nghiép Thac si hé Khoa Hoc, chuyén nganh Céng Nghé Sinh Hoc nam
2017 tai treong Dai hoc Bach Khoa Ha Noi. Hién nay, ba dang cong tac
tai Trung Tam Do6i Mé6i Sang Tao Vé Cong Nghé Chat Mém, Trung tdm
Nghién cttu va Phat trién Céng nghé cao, Vién Han 1am Khoa hoc va
Cong ngheé Viét Nam (VAST)

Linh vwec nghién ciru: Cong nghé sinh hoc, An toan vé sinh thuc phdm, ...

Nguyén Hoang Duong sinh ngay 16/02/1980 tai Ha Noi. Ong t6t nghiép
ctr nhan nganh Vat ly quang ndm 2003 tai Pai hoc Arizona, Hoa Ky. Ong
nhan hoc vi Tién si tai Truong Pai hoc Colorado, Hoa Ky véi chuyén
nganh Vat ly chat mém vao nam 2011 va Tién si chuyén nganh Thuong
mai hda san phdm nghién ctru khoa hoc tai T6 chitc Nghién ctru Khoa
hoc va Cong nghiép Lién Bang Uc (CSIRO). Hién tai, 6ng la giam ddc
Trung Tam D&i Méi Sang Tao Vé Cong Nghé Chat Mém, Trung tam
Nghién ctru va Phat trién Cong nghé cao, Vién Han lam Khoa hoc va
Cong nghé Viét Nam (VAST) va Phoé treong ban Ung dung va Trién
khai cong nghé, VAST.

Linh viec nghién citu: Vat ly chat mém, Vat ly quang,...

Mai Héng Hanh sinh ngay 27/11/1984 tai Ha Noi. Ba t6t nghiép Ctr nhan
nam 2006 va Thac si nam 2008 chuyén nganh Quang hoc, Vat ly tai Khoa
Vat ly, truong Dai hoc Khoa hoc Tw nhién, PH Quéc Gia Ha Noi. Ba
nhén hoc vi Tién sichuyén nganh Quang hoc, Céng nghé Nano ndm 2012
tai DH Kassel, CHLB DPttc va duoc cong nhan chitc danh Phé giao su
nam 2020. Hién nay, ba dang cong tac tai Khoa Dién t vién théng, DH
Cong nghé, PH Qudc Gia Ha Noi.

Linh viec nghién civu: Cam bién quang hoc, Vi laser, Quang hoc vat liéu...
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