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Summary: Silver nanoparticles (Ag NPs) are used in sterilizing nanomaterials, medical products, 

textiles, food storage bags, and personal care products. Ag NPs exhibited significant antibacterial 

activity due to the sustained release of free Ag. Flavokawain B (FKB) is a natural chalcone extracted 
from the roots of the kava-kava plant Piper methysticum. In this study, Ag NPs were synthesized by 

the chemical method using hydrazine hydrate and poly (vinyl alcohol) as reducing and stabilizing 

agents, respectively. FKB-loaded Ag NPs showed a red shift and were positioned at 421 nm, indicating 
Ag NPs presence. The FTIR spectrum confirmed the presence of the aromatic compound's functional 

groups (at different absorption bands). The XRD pattern indicated the crystalline nature of the loaded 

Ag NPs with face-centered cubic (fcc) Ag crystals. SEM image revealed the crystalline nature of FKB-
loaded Ag NPs. FESEM image revealed the loading of Ag NPs on the clear and flat surface of FKB, 

and a spherical shape of Ag NPs with an average size of 60 nm was obtained. The minimum inhibitory 

concentration (MIC) of AgFKB against Gram-negative bacteria, Escherichia coli and Pseudomonas 
aeruginosa was found to be 100 μg/mL. However, 100 μg/mL of FKB discs did not show any 

inhibition zone in the activity. These findings indicated the improved antibacterial activity of FKB-

loaded Ag NPs (Ag-FKB). 
 

Keywords: Silver nanoparticles, Flavokawain B, Flavokawain B loaded silver nanoparticles, Antibacterial 
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Introduction 
 

The fundamental premise of nanotechnology 

was introduced by Richard Feynman in 1959 at the 

American Physical Society's annual conference [1]. 

Nowadays, nanotechnology is an emerging field of 

modern research that involves synthesizing and 

manipulating NPs with sizes ranging from approximately 

1 to 100 nm [2-4]. Nanoparticles exhibit unique and 

intriguing characteristics owing to their nanoscale, huge 

surface areas with freely dangling bonds, and more 

reactivity than their bulk counterparts [5]. Among 

different types of NPs, the most promising one is metallic 

NPs, which have excellent antibacterial properties 

because of their large surface area-to-volume ratio [6, 7]. 

There are several methods used to synthesize NPs such 

as biological, chemical, physical, and enzymatic [8]. 
 

Ag NPs make up 56% of all the nanoparticles 

in the world [9, 10].  Ag NPs typically have sizes under 

100 nm and contain 20 to 15,000 silver atoms [11, 12].  

Ag NPs have enhanced properties compared to their 

parent materials and are applicable in various fields, 

especially in biomedical science [13-15].  The Ag NPs 

have gained much interest among the noble metallic NPs 

due to their special properties such as the most significant 

antibacterial, antifungal, antiviral, and anti-inflammatory 

activities, good conductivity, chemical stability, and 

catalytic properties which can be incorporated into 

cosmetic products, composite fibers, electronic 

components, cryogenic superconducting materials, and 

food industry [2, 16, 17]. The most important application 

of Ag and Ag NPs is in the medical industry such as 

tropical ointments that are used to prevent infection 

against burn and open wounds [18, 19].  
 

FKB is a naturally occurring chalcone that can 

be isolated through the root extracts of the kava-kava 

plant (Piper methysticum) [20, 21]. It can be synthesized 

chemically to increase the yield. This compound is a 

promising candidate as a biological agent, as it is 

reportedly involved in a wide range of biological 

activities. FKB was demonstrated to have a high 

cytocidal effect against lung, prostate, uterine, oral, 

breast, bone, and synovial cancer cells, with negligible 

toxicity toward normal cells [22]. Furthermore, FKB was 

reported to have antitumorigenic effects in several cancer 

cell lines in vitro. Apart from that, FKB was also found 

to inhibit metastasis, as evaluated by clonogenic assay, 

bone marrow smearing assay, real-time polymerase chain 

reaction, western blot, and proteome profiler analysis. 

FKB may serve as a promising anticancer agent, 

especially in treating breast cancer [21, 23-28]. FKB-

loaded Ag NPs have not, as far as we are aware, been 

used as a bacterial inhibitor. This study is the first 

investigation to report the use of FKB-loaded Ag NPs as 
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antibacterial agents against gram-negative bacteria. The 

present study aims to synthesize and characterize the 

FKB-loaded Ag NPs. Disc Diffusion technique is 

employed to study its antibacterial activity against E. Coli 

and P. aeruginosa. 
 

Experimental 
 

Materials 
 

All the chemicals and solvents used were of 

analytical grade and were used without any further 

purification. Methanol, 4',6'-dimethoxy-2'-hydroxy 

acetophenone, benzaldehyde, hydrochloric acid, brine,    

sodium sulfate, ethyl acetate, hexane, hydrazine hydrate, 

ethanol, and silver nitrate were purchased from Sigma 

Aldrich. 
 

Methods 
 

Synthesis of Silver Nanoparticles: 50 mL 

methanol was mixed with distilled water in a 500 mL 

round bottle flask, and it was left for 15 minutes at room 

temperature. 5.0 g (25.5 mmol) 4',6'-dimethoxy-2'-

hydroxy acetophenone was poured into the round bottle 

flask and stirred for a further 10 minutes. 2.04 mL (20.0 

mmol) of freshly distilled benzaldehyde was added to the 

mixture and stirred for another 24 hours at room 

temperature. The crude product was then transferred into 

a 500 mL separating funnel. 200 mL of distilled water 

was added. The mixture was then neutralized by adding 

2 to 3 mL of hydrochloric acid. The product was 

extracted three times from the aqueous layer using 150 

mL ethyl acetate. The organic layer was successively 

washed with brine and dried over anhydrous sodium 

sulfate. Finally, the crude product was purified by flash 

column chromatography using ethyl acetate and hexane 

as eluents and it was recrystallized in methanol [29].  
 

Preparation of Flavokawain B Solution: To 

prepare 100 mL of 3.23 mg/mL FKB solution, 0.323 g 

was weighed and dissolved in 100 mL of ethanol [27, 30]. 

 

Synthesis of Poly Vinyl Alcohol (PVA) 

Stabilized Ag NPs:  0.1% w/v PVA solution was prepared 

by dissolving 0.1 g PVA in distilled water to a final 

volume of 100 mL [31]. 1% v/v hydrazine hydrate 

solution was prepared by dissolving 1.8 mL of hydrazine 

hydrate in distilled water to a final volume of 100 mL. 0.1 

mM silver nitrate solution was prepared by dissolving 1.7 

mg silver nitrate in distilled water to a final volume of 100 

mL [32]. 100 mL PVA solution (0.1% w/v) was added to 

100 mL of silver nitrate solution (0.1 mM) with constant 

stirring. Hydrazine hydrate solution (1% v/v) was added 

dropwise to obtain a pale yellow colloidal solution [33]. 
 

Flavokawain B Loading on PVA Stabilized Ag 

NPs (Ag PVAFKB): 100 mL of both Ag PVA colloid and 

FKB solution (3.23 mg/mL) were mixed and stirred using 

a hot plate for 24 hours at room temperature. This 

colloidal solution was then centrifuged two times for 30 

minutes at 15,000 rpm to obtain the pellets [33].  
 

Synthesis of Flavokawain B Loaded Ag NPs:   

After adding 5 drops of hydrazine hydrate solution (1% 

v/v) to the mixture of silver nitrate solution (10-4 M) and 

PVA solution (0.1 % w/v), the colorless mixture was 

changed to pale yellow colloidal solution as shown in Fig 

1. This indicates the formation of Ag NPs in the solution. 

Ag NPs show a yellowish-brown color in aqueous 

solution because of the excitation of surface plasmon 

vibrations in the particles [34]. The Ag-PVA colloid was 

further added with FKB solution (3.23 mg/mL) and 

stirred for 24 hours at room temperature for effective 

loading of the FKB onto the PVA-stabilized Ag NPs 

[33]. The formation of AgFKB NPs was further 

confirmed by Ultraviolet-Visible (UV-Vis) 

Spectroscopy, Fourier Transform Infrared Spectroscopy 

(FTIR), X-Ray Diffraction (XRD) analysis, Scanning 

Electron Microscopy (SEM), and Field Emission 

Scanning Electron Microscopy (FESEM). Fig.1. presents 

an illustration of a mixture of Ag nitrate solution PVA 

solution and pale-yellow colloidal solution.  
 

 
 

Fig. 1: (A): Mixture of Ag nitrate solution (10-4 M) and PVA solution (0.1 % w/v); (B): Pale yellow colloidal 

solution after adding 5 drops of hydrazine hydrate solution (1% v/v). 
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Fig. 2: XRD pattern of FKB Loaded Ag NPs (A and B). 

 

Scanning Electron Microscopy (SEM) Analysis  

 

The morphology of AgFKB NPs cannot be 

studied clearly because the maximum magnification 

that can be reached are 3000X and 5000X as shown in 

Fig. 3. (A) and (B) corresponding to the width of 2 μm 

and 1 μm, respectively that can be imaged in a 

scanning mode. However, the images revealed the 

crystalline structure of FKB, indicating the presence of 

FKB in the synthesized AgFKB NPs. The morphology 

was further studied using Field Emission Scanning 

Electron Microscopy (FESEM). Fig 3. presents an 

illustration of SEM images. The average particle size 

of synthesized FKB-loaded Ag NPs was 72 nm 

calculated using ImageJ software [41, 42].  

 

Field Emission Scanning Electron Microscopy 

(FESEM) Analysis  

 

The morphology of FKB-loaded Ag NPs was 

studied using Field Emission Scanning Electron 

Microscopy at a magnification of 5000X. To confirm 

the loading of FKB on Ag NPs, the morphology of 

pure FKB and the synthesized product FKB-loaded Ag 
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NPs were compared. FESEM image of pure FKB is 

shown in Fig 4 (A) indicating the crystalline nature, 

and most importantly the clear and flat surface. On the 

other hand, the FESEM image of FKB-loaded Ag NPs 

shown in Fig 4 (B), indicates the visible Ag NPs on the 

surface of FKB. The Ag NPs obtained are spherical in 

shape with an average size of 60 nm [43]. This 

confirmed that FKB was successfully loaded on the 

Ag NPs. The enhanced effect of FKB-loaded Ag NPs 

was further studied by observing their antibacterial 

effect in comparison to the effect of the pure FKB. Fig 

4 presents an illustration of FESEM images. 

 

 

 
 

Fig. 3: SEM images of FKB-loaded Ag NPs recorded at 3000X (A) and 5000X (B) of magnification. 

 

 
 

Fig. 4: (A): FESEM image of FKB; (B): FESEM image of FKB loaded Ag NPs. 
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Fig. 5: UV-visible spectra of FKB and FKB loaded Ag NPs. 
 

Ultraviolet-Visible (UV-VIS) Spectroscopy Analysis  
 

UV-Visible spectroscopy is technique for the 

structural characterization of NPs. It is used to confirm 

the initial formation of NPs. Metal NPs' optical 

absorption spectra are dominated by Surface Plasmon 

Resonance (SPR), which shifts to the longer 

wavelength when particle size increases [33]. SPR is 

due to the combined oscillation of free electrons of Ag 

NPs in resonance with light waves [36]. According to 

H. H. Rashid, Ag NPs have a typical absorption band 

in the 350 nm to 450 nm region [44]. To understand 

the interaction of FKB with Ag NPs, the UV-visible 

spectra of FKB and FKB-loaded Ag NPs (AgFKB) 

were recorded. The difference in the UV-Vis spectra 

can be observed. According to Fig 5, the UV-visible 

spectrum of FKB shows two characteristic absorption 

bands centered at 300 nm and 393 nm. However, when 

FKB was loaded on Ag NPs, the peaks were observed 

at 300 nm and 421 nm. The SPR band originating from 

the AgNPs in the AgFKB NPs showed a red shift and 

was positioned at 421 nm [45]. This confirmed that 

FKB is successfully loaded onto the AgNPs as shown 

below in Fig 5. 
 

Fourier Transform Infrared (FTIR) Spectroscopy 

Analysis  
 

The main purpose of FTIR spectroscopy in 

metal NPs characterization is to detect chemical 

species that interact with the particle surface [46]. 

According to Fig 6, the FTIR spectrum of FKB-loaded 

Ag NPs displayed absorption band at 3415.28 cm-1 and 

3468.13 cm-1 (O-H stretch), 1632.15 cm-1 (α, β-

unsaturated carbonyl group), 1586.34 cm-1 (aromatic 

C=C stretch), and 1219.37 cm-1 (C-O-C ether linkage). 

The C-H stretching occurs above 3000 cm-1 which 

confirmed the presence of aromatic compound [47]. 

Hence, it can be concluded that the aromatic 

compound, FKB is present in the synthesized AgFKB 

NPs as all the functional groups are indicated by the 

peaks of the spectrum.  
 

Antibacterial Activity 
 

The inhibition zone of FKB and AgFKB was 

determined against E. Coli and P. aeruginosa. All of 

the Gentamicin (10 g) discs had action against E. Coli 

and P. aeruginosa with inhibition zones measuring 20 

mm in diameter, as shown in Table 1. 
 

The MIC of AgFKB was determined to be 

100 µg/mL as demonstrated in the Test. Diffusion 

results of FKB and AgFKB against E. Coli and P. 

aeruginosa are shown in the supplementary material. 

All the 100 µg/mL AgFKB discs showed an inhibition 

zone of 6 mm in diameter in the activity against E. Coli 

and P. aeruginosa.  25, 50, and 75 µg/mL AgFKB 

discs did not show any inhibition zone in the activity. 

On the other extreme, 100 µg/mL FKB discs did not 

show any inhibition zone in the activity against E. Coli 

and P. aeruginosa. These showed the improved 

activity of AgFKB against pure FKB. 
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Table-1: Antibacterial activity of FKB and AgFKB against Gram-negative bacteria. 
Strains Nature Inhibition zone (mm) 

Positive control (Gentamicin 10 µg) FKB (µg/mL) AgFKB (µg/mL) 

25 50 75 100 25 50 75 100 

E. coli Gram-negative 20 mm 0 0 0 0 0 0 0 6 

P. aeruginosa 20 mm 0 0 0 0 0 0 0 6 

 

 
 

Fig. 6: FTIR spectrum of FKB loaded Ag NPs. 

 
Conclusion 
 

Ag NPs were successfully synthesized as 
indicated by the transformation of the colourless 
mixture to a pale-yellow colloidal solution in the 
chemical method. In the UV-visible spectrum, FKB 
showed two characteristic absorption bands centered 
at 300 nm and 393 nm while AgFKB NPs showed 
peaks at 300 nm and 421 nm. FTIR showed absorption 
bands at 3415.28 cm-1 and 3468.13 cm-1 (O-H stretch), 
1632.15 cm-1 (α, β-unsaturated carbonyl group), 
1586.34 cm-1 (aromatic C=C stretch), and 1219.37 cm-

1 (C-O-C ether linkage). The C-H stretching that 
occurs above 3000 cm-1 also confirmed the presence 
of the aromatic compound. XRD exhibited a 
crystalline nature with reflected peaks at 2θ=38.12 and 
44.31, which correspond to the (111) and (200) 
crystallographic planes of face-centered cubic (fcc) 
Ag crystals. FESEM described the crystalline nature 
of pure FKB with a clear and flat surface; loaded Ag 
NPs on the surface of FKB. The minimum inhibitory 
concentration of AgFKB against gram-negative 
bacteria, E. coli and P. aeruginosa was found to be 100 
μg/mL as all the 100 μg/mL AgFKB discs showed an 
inhibition zone of 6 mm in diameter in the activity 
against E. coli and P. aeruginosa. However, 100 
μg/mL FKB discs did not show any inhibition zone in 
the activity.  
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