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Background and Purpose: Antimicrobial resistance (AMR) has emerged as a significant global concern. To combat this growing
threat, various strategies have been employed, including the use of plant extracts and the biosynthesis of nanoparticles (NPs). The
current study was designed to evaluate the phytochemical analysis of ginger (Zingiber officinale) extracts, characterize the silver
nanoparticles (AgNPs) and to see their antibacterial potentials against multi-drug resistant (MDR) bacterial strains.

Methods: The extracts were prepared and initially assessed for their phytochemical composition and antibacterial activity. Then,
AgNPs were synthesized from these extracts at room temperature, and various analytical techniques, including UV-visible spectro-
scopy, X-ray diffraction (XRD), ATIR-FTIR, zeta sizer, scanning electron microscopy (SEM), and energy-dispersive X-ray analysis
(EDXA), were used to characterize the NPs. After confirmation of prepared NPs, they were subjected to their antibacterial activity.
Results: HPLC analysis demonstrated the presence of eight phytoconstituents in organic ginger extracts. The absorption spectra of the
silver suspension exhibited surface plasmon resonance peaks with maxima between 420 and 448 nm. Functional groups like C-H, N-H,
OH, C-O-C, C=0, and C-O were identified in both the organic and aqueous extracts of Z. officinale, playing a key role in the formation of
AgNPs, as characterized by ATR-FTIR analysis. Both ginger organic and aqueous extract synthesized AgNPs crystalline structure was
shown in XRD analysis and the particle size distribution showed average diameter of 200.5 nm of AgNPs from aqueous extracts. Scanning
Electron Microscopy displayed spherical structure and EDA results showed the percentage of elements in synthesized AgNPs using plant
extracts. Most promising antibacterial activity was obtained against Escherichia coli ie 20.8340.53 for 100 pug/mL.

Conclusion: The results of the current study showed that AgNPs synthesized from different ginger extracts have promising
antibacterial properties and can be potential candidates for alternative treatment options for bacterial infections.

Keywords: MDR pathogens, antibacterial activity, biosynthesized silver nanoparticles, ginger extract

Introduction
Green synthesis of silver nanoparticles (AgNPs) is an emerging strategy with profound consideration and progressive
development in cutting-edge innovation and science. The importance of nanotechnology has been defined in broad
industrial applications, such as in medical and engineering fields.'> Most of the techniques used for preparation require
the use of unsafe chemicals, long durations for the production of nanoparticles (NPs), and unfriendly environmental
complications.>*

The use of plants for the amalgamation of NPs has an edge over other biological strategies, as it does not
require a longer harvest time for the reduction of metal ions.” Therefore, research has focused on biosynthetic

green processes using plant extracts that are nontoxic and environmentally friendly.®’” Different factors, such as
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heat, pH, and time period, affect the various features of nanomaterials created from plant extracts. These extracts
include phytoconstituents such as flavonoids, phenolics, and volatile oils, which have the ability to rearrange and
maintain the functioning of AgNPs.® Phytochemicals, also known as bioactive metabolites, are naturally occurring
substances that come from fruits, vegetables, herbs, and spices. Plant-based chemicals are considered key
foundation materials for medication development in the pharmaceutical field.”"'°

Bacterial organisms like Klebsiella pneumoniae, Escherichia coli, Staphylococcus aureus, Salmonella species and
pseudomonas species have become resistant against most common commercially available antimicrobial agents.'' The
most common leading factor for antimicrobial resistance (AMR) in microbes is extensive misuse of antibiotics.'? The
emergence of AMR strains like is a worldwide challenge for clinicians and scientists. However, the plant bioactive
compounds can be an alternative source for countering the prevalence of multidrug resistant microbes. In previous
studies, it was proven that AgNPs exhibit strong antimicrobial activity.'* >

Ginger is among the medicines that have been most utilized since ancient times. It has numerous health advantages in
addition to being used as a spice and flavoring ingredient.'® Its pharmacological potentials have been thoroughly studied,
including hepatoprotective, antibacterial, antioxidant, antinociceptive, anti-inflammatory, and antimutagenic potentials.'” One
of the most well-known plant families, Zingiberaceae, is frequently utilized as raw material for the making variety of
traditional medicines.'®?® Zingiber officinale (Z. officinale) could be the best source of secondary metabolites with
therapeutic potentials, which is utilized in Chinese, ayurvedic, and unani medicines. These therapeutic effects are attributed
to the presence of diverse volatile oils including sesquiterpenes, zingiberol, monoterpenes, and sesquiterpene hydrocarbons.?’
Zingberones, paradols, shogoals, and gingerdiols are significant phytoconstituents that have been extensively studied for their
cardio-protective, immunomodulatory, anti-inflammatory, antioxidant, antihyperglycemic, and anticancer activities.*

Various antimicrobial medicines have been developed for the treatment of MDR bacterial infections.?
Alongside the development of novel medicines, other treatment methods for bacterial infections are necessary to
mitigate increased mortality rates. Z. officinale comprises many bioactive chemicals that serve as crucial capping
and reducing agents. Consequently, it would be more advantageous to use the green synthesis of AgNPs. This
work presents data on the manufacture of AgNPs using Z. officinale’ extracts, both aqueous and organic. In the
present work, both ginger extracts were first used for the biogenesis of NPs and then described. The antibacterial
efficacy of Z. officinale ethanolic or organic extracts (ZOEE) and Z. officinale aqueous extracts (ZOAE) was
evaluated against strains of Staphylococcus aureus, Salmonella enterica, and Escherichia coli.

Materials and Methods

Collection of Plant Samples

Fresh Z. officinale thizome extract was collected from a local vegetable market in Lahore, Punjab, Pakistan, and was
identified by Assoc. Prof. Dr. Abdul Nasir Khalid of the Department of Botany, University of the Punjab, Lahore
(voucher # LAH-280922). After the collection of plant samples, these were shifted to the laboratory for proper cleaning
with distilled water, and then shade-dried for a month. After the plant was allowed to dry in the shade, it was ground into
a fine powder and stored in a zippered bag for further analysis (extraction).

Organic Extract Preparation from Z. Officinale

The plant material (25 g) was subjected to rigorous extraction using 250 mL of ethanol. The extraction was performed
using a Soxhlet apparatus for a duration of eight hours at 70°C, and the extract was separated from the solid residue
using filter paper. It was then placed in a refrigerator at 5°C after filtration and used in other experiments like for the
AgNPs’ synthesis. The filtrate was evaporated using a rotary evaporator for the biomedical analysis of the extracts and
then secured in an airtight glass jar. Subsequently, the extract was stored in a refrigerator at 5°C until further
experimentation.

Aqueous Extract Preparation from Z. Officinale
Ten grams of Z. officinale thizome powder was isolated, added to a 100 mL distilled water flask and thoroughly mixed.
This mixture was allowed to cool to room temperature after being heated in a water bath for 30 minutes at 35°C and then
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filtered using Whatman filter paper. The filtrate was stored at 5°C for the next step in the synthesis of AgNPs, and some
of it was evaporated in a rotary evaporator running at 40°C.>* Once the remaining sample was carefully stored in a sealed
container or glass bottle, it was refrigerated at 5°C. This ensured that the sample remained fresh and ready for future
analyses, such as the screening and identification of the crude extract.

Preliminary Phytochemical Analysis

The preliminary screening for phytochemicals of the plant extracts was conducted to identify the presence of phyto-
chemicals in organic or aqueous extracts of the rhizome Z. officinale such as phenolics, terpenoids, flavonoids, saponins,
and alkaloids.’

High Performance Liquid Chromatography (HPLC) Analysis

HPLC analysis was conducted on Z. officinale’ extracts to quantify eight specific standards, including myricetin, caffeic acid,
benzoic acid, kaempferol, gallic acid, and sinapic acid. For this procedure, 5 mg of each standard and plant extract powder
were dissolved in 2 mL of 95% ethanol, followed by filtration through a 0.45 um syringe filter. The HPLC system utilized was
an Agilent 1260 model (USA), equipped with a diode array detector (DAD) and a quaternary pump (1260). Data analysis was
performed using ChemStation software. A filtered sample (20 pL) was injected into a reverse-phase (C18) Zorbax Eclipse
Plus column (4.6 x 250 mm; 5 um particle size, Agilent, USA). The mobile phase consisted of distilled methanol (solvent A)
and 1% acetic acid (solvent B), with the following gradient (t in min; %A): (0 min; 60%), (5 min; 35%), (10 min; 10%),
(15 min; 60%), and (20 min; 60%), at a flow rate of 1 mL/min in linear gradient mode. The column was maintained at
a constant temperature of 25°C, and chromatograms were recorded at 280 nm. For flavonoid detection, two solvent systems
were employed: solvent A (3% trifluoroacetic acid) and solvent B (acetonitrile, 80:20 v/v). These solvents were combined in
a 50:50 v/v ratio, filtered under vacuum through a 0.45 pm membrane, and subjected to isocratic elution at 30°C with a flow

rate of 1 mL/min. Detection was performed at a wavelength of 360 nm.*>*¢

Biosynthesis and Optimization of AgNPs Synthesis Condition

The ratio of rhizome Z. officinale’ extracts to silver nitrate (AgNO3) solution (1:5), AgNO3 concentration (1 mm,
10 mm), pH (4.5, 6.5, 8.5, 10, 12), and incubation period (8h, 24h) were among the factors that were evaluated since they
might influence NPs production. The reduction of silver ions to AgNPs was assessed through observable color changes,
shifting from yellow to dark brown. The synthesis of Z. officinale-mediated AgNPs (ZO-AgNPs) was further confirmed
using spectrophotometric analysis, conducted with a HALO DB-20/DB-20S spectrophotometer (Dynamica, Germany).
After that, applications that produced tiny particle sizes of 27 pm were used to manufacture AgNPs,?” which were
thought to be ideal. AgNPs generated using ZOAE are called ZOAE-AgNPs, while those generated with ZOEE are called
ZOEE-AgNPs.

Synthesis of NPs Using of Z. Officinale’ organic and Aqueous Extract

AgNO; was prepared in aqueous form at concentrations of 1 and 10 mm before beginning the procedure. The synthesis
of AgNPs was investigated using a spectrophotometer that relies on color change. AgNPs were created in accordance
with previously reported processes, with slight modification.”’° For the bioreduction process, a 10 mm solution of
AgNO; (125 mL) was gently mixed with ginger extract (25 mL) in a 500 mL glass bottle at room temperature. For
20 minutes, the mixture was shaken. Using a pH meter (Eutech Cyberscan pH 300), the reaction mixture’s pH was
quickly adjusted to pH 12, and it was then left in the dark for 24 hours to avoid photo-activation. Silver ion reduction was
then observed based on the changes in color to reddish-brown or yellow. The synthesis of ZOEE-AgNPs and ZOAE-
AgNPs was performed using spectroscopy. During the synthesis process, a 1 mL solution of ginger extract and AgNO;
was used, which was then incubated with AgNPs. A 1 mL diluted suspension of AgNPs prepared with Z. officinale was
mixed with distilled water and analyzed using a spectrophotometer. The spectrophotometer resolution was set at 0.5 nm,
and absorbance was measured between 300 and 700 nm for 24 hours after the reaction started.
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Purification of Prepared AgNPs

After incubation, to remove impurities,®' *

the reddish-brown solution was centrifuged for 20 min at 6000 rpm. Hence,
to remove non-essential enzymes or free proteins, the pellets obtained were cleaned twice using distilled water (5 mL)
and once with 99% ethanol. The processed pellets were then placed in petri dishes and dried for 24 h at 60°C before use
to test their biochemical features and properties against microbes.

Characterization of AgNPs Using X-Ray Diffraction Investigation
The powder samples were subjected to XRD (Model D8 Advance Bruker powder diffractometer, Bruker, Germany) at
20-80° with Cu Ka radiation (A = 1.5406 A) at 40 kV and 30mA to get the XRD profile of AgNPs.**

Characterization of AgNPs Using Scanning Electron Microscopy Attached with EDX Detector Analysis
(SEM-EDXA)

Using a scanning electron microscope (Nova-Nano-SEM-450) running at 12 keV, the morphology of AgNPs generated
by the aqueous or organic extracts was investigated. For elemental analysis, EDXA was used, and the presence of silver
was confirmed precisely using SEM.**

Characterization of AgNPs Using ATR-FT-IR Analysis
Using FTIR (Bruker- alpha, V70, Pa Laiseau, France) measurements, the functional group in Z. officinale extract was
identified, which played a role in stabilizing AgNPs. The fine powder of NPs and plant extract were analyzed using FTIR

(in the region of 4000500 cm ', transmittable mode with a resolution of 4 cm ™' and 50 scans).***

Determination of Zeta Potential and Particles Size
The particle size distribution was evaluated using dynamic light scattering, while the surface charge was measured with
a Zeta Sizer Nano-ZS (Malvern Instruments Ltd., version 7.10, Malvern, Worcestershire, UK) according to a previously

established protocol.®

Antibiotic Susceptibility of the Three Pathogenic Strains: (S. aureus, Salmonella enterica
and E. coli)

Strains of S. aureus, Salmonella enterica and E. coli were used to test the antibacterial activity of the synthesized AgNPs
according to the standard protocol outlined by Wayne (2012).%” To obtain fresh and isolated colonies of bacterial strains,
the bacterial samples were subcultured on nutrient agar and incubated for 24 hours at 37°C. The bacterial strains were
taken from the University of Veterinary and Animal Sciences, Lahore’s Microbiology Laboratory. After the incubation
time, a battery of biochemical assays, such as coagulase, catalase, bile esculin, and DNA tests, were used to identify the
bacterial colonies."'

The Kirby Bauer disk diffusion strategy was utilized to determine the antimicrobial activity of the bacterial strains
following Wayne (2012)*” and Altaf et al.*® Agar plates were inoculated with 10 uL bacterial culture, and the surface was
left to dry for 3 min. Antibiotic discs were then carefully placed on inoculated agar plates using sterile forceps. The plates
were then incubated at 37°C for 24 h. After 24 h, the inhibition zone was measured using a ruler, and the standard
deviation of the three measurements was calculated. MDR pathogens were defined as bacterial strains resistant to fewer
than three antibiotics.®® The antibiotic discs used in this study contained oxacillin, cloxacillin, amoxicillin (25 pg),
azocillin (75 pg), and ticarcillin (75 pg).

Agar Well Diffusion Method

Agar plates were inoculated with 10 pL bacterial culture, and the surface was left to dry for 3 min. Later on, a diameter
of 5 mm hole was created using sterile tips, and then a micropipette (50 uL) was used to collect 100 pg of Z. officinale’
extract in 1 mL PBS and 100 pg ZO-AgNPs in 1 mL PBS in separate tubes. The experiment involved three replicates for
each treatment, which were incubated for 24 h at 37°C. After the incubation period, the zone of inhibition was measured.
The test was performed in triplicates to obtain the standard deviation of the measurements.

13322 "= International Journal of Nanomedicine 2024:19

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Ramzan et al

Estimation of MICs for Synthesized AgNPs
To 5 mL of Muller Hinton broth, 100 uL of biosynthesized AgNPs (Figure S1) using Z. officinale’ organic and aqueous
extracts (different concentrations like 100, 50, 25, 12.5.6.25, 1.56, 0.78, 0.39, 0.195, and 0.097 pg/mL) were added to
different tubes, then twenty microliters of 1x10° CFU/mL E. coli culture were inoculated into two sets of different tubes,
namely, A for ZOEE-AgNP and B for ZOAE-AgNPs. A separate test tube for positive control (medium and inoculum)
and negative control (phosphate-buffered saline and medium) were used. The tubes were incubated for 24 h at 37°C.
Before and after incubation, the absorbance was taken using a spectrophotometer at 630 nm (DB-20S). Following
formula was used to calculate the values of each test tube:

Value = ODA —ODB.

ODA: after incubation.

ODB: before incubation.

The list of abbreviations used in the current study has been provided in Table S1.

Results

Phytochemical Analysis of Plant

The phytochemical ingredients were investigated qualitatively that were responsible for AgNPs capping and reduction in
biogenic extracts of Z. officinale. Phytochemical screening of Z. officinale (organic and aqueous) revealed that neither
ZOEE nor ZOAE contained alkaloids, flavonoids, or phytosterols. A large number of tannins, phenolic compounds,
saponin glycosides, steroids, and triterpenoids are present.

HPLC Analysis

Comparing the organic extract of Z. officinale with the standard, the HPLC analysis revealed eight components that could
be identified. Identification was achieved by comparing the retention times of phenolic and flavanol compounds to those
of reference standards. The retention time of each analyte was used to select peaks that corresponded with the standards,
ensuring accurate identification. The HPLC software can identify phenolic and flavonoid chemicals that exhibited peaks
with retention times comparable to the standards. This gave each analyte’s identification a foundation.

The Z. officinale’ extract was found to contain several key components, including caffeic acid, gallic acid, sinapinic
acid, kaempferol, quercetin, benzoic acid, chlorogenic acid, and myricetin. Chlorogenic acid (1.81%), gallic acid
(2.56%), sinapinic acid (7.52%), caffeine (1.12%), myricetin (30.18%), benzoic acid (0.23%), kaempferol (0.44%),
and quercetin (6.34%) in the ethanoic extract are the components from the family of phenolic compounds that have been
found. Table 1 presents the results of the HPLC analysis of the Z. officinale’ extract, revealing additional biomolecules as

Table | Flavonoid and Phenolic Contents in the Z. Officinale Rhizome Extract, Determined by the HPLC

Methods
Plant Name | Phenolic and Flavonoid | Retention Time | Area% | Wavelength nm mglg
Compounds
ZOEE Benzoic acid 12.826 0.2307 280 0.045+ 0.006
Gallic acid 7.117 2.5695 0.173£ 0.11
Sinapinic acid 11.619 7.5296 0.016 + 0.003
Caffeic acid 10.23 1.1224 0.126 + 0.05
Chlorogenic acid 9.391 1.8186 0.021+ 0.003
Kaempferol 4.603 0.4445 360 0.053 + 0.05
Quercetin 3.424 6.3434 0.083 + 0.14
Myricetin 2.941 30.1837 0.267 + 0.41
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Table 2 Standard Flavonoid and Phenolic Constituents Determined
by the HPLC Methods

Phenolic and Flavonoid | Retention Time | Wavelength (nm)
Compounds

Benzoic acid 12.97 280

Gallic acid 7.03

Sinapinic acid 11.58

Caffeic acid 10.36

Chlorogenic acid 9.37

Kaempferol 4.46 360
Quercetin 351

Myricetin 2.84

indicated by extra peaks. Table 2 outlines the HPLC analysis of standard flavonoids and phenolic compounds. The peaks
identified in the HPLC analysis of the various Z. officinale’ extracts (both aqueous and organic) correspond to
components such as chlorogenic acid, sinapinic acid, caffeine, myricetin, benzoic acid, kaempferol, and quercetin

(Figures S2-S5).

Optimization AgNPs Using Z. Officinale Extracts by UV-Vis Spectrophotometer
Analysis

Various experimental parameters were tested to determine the optimal biogenic synthesis of AgNPs. UV-Visible Spectra
were recorded to observe the changes that occurred owing to the variations in the response parameters. Determining the

parameters mentioned above is ideal for generating AgNPs.

Effect of pH on ZO-AgNPs Synthesis

When considering the impact of pH, it is important to focus on the most significant parameter affecting the arrangement
of the NPs. Figure 1 illustrates the impact of the condition response on the synthesis of NPs and the pH of UV-vis
spectra. The AgNPs’ absorption bands were produced using Z. officinale extracts at different pH levels. The volume of

At different pH value of the reaction mixture (A) At different pH value of the reaction mixture (B)
3 3.5
2.5 3
2 o 2.5
3 g 2
S 15 S
£ 5 1.5
2 1 , 2
_g < 1
0.5 Vi \--—\.____,
()} D e————— (i}
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)
— pHA4.5 pH 6.5 pH 8.5 pH 10 pH 12 — pH4.5 pH 6.5 pH 8.5 pH 10 - pH 12

Figure | UV-Visible Spectra (A) variation of pH using ZOAE and 10 mm AgNOj aqueous solution reaction mixture for 24 h at ambient temperature and (B) variation of pH
using ZOAE and 10 mm AgNOj; aqueous solution reaction mixture reaction mixture at room temperature for 24 h.
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the organic and aqueous plant extracts used was 25 mL, while the concentration of the aqueous AgNOj3 solution was
10 mm (125 mL). The incubation time and temperature were maintained at constant levels, with the temperature set to
room temperature. The synthesis of NPs was highly efficient under alkaline conditions with a pH of 12. The intensity of
plasmon absorbance bands increased as the pH ranged from 8.5 to 12, while these bands were either absent or
significantly diminished at acidic pH levels. Additionally, at pH values between 6.5 and 12, the solution’s color shifted
from brown to dark or reddish brown within 24 hours of mixing the aqueous AgNOj3 solution with both extracts.

Effect of Reaction Time on ZO-AgNPs Synthesis

Figure 2 illustrates the effects of various factors on the biosynthesis of NPs, including the influence of incubation time. It also
shows the UV-Vis absorption bands of AgNPs synthesized using Z. officinale’ extracts at different incubation intervals. At
different incubation durations, an absorption band was seen in the 400480 nm region. Peak intensity peaked during a 48-hour
period during which it steadily climbed. For 24 hrs, the stability of the NPs in suspension was monitored. The UV-VIS analysis
verified that Z. officinale extracts, both aqueous and organic, reduced silver ions to AgNPs.

Effect of AgNO;3; Concentration

Figure 3 shows the impact of the concentration of AgNO3, the UV-VIS absorption bands of the produced AgNPs, and the
observed impacts of the condition response on the biosynthesis of AgNPs. Different molar concentrations of the AgNO3
solution were used with extracts from the rhizome of Z. officinale, both organic and aqueous. The presence of a distinct surface
plasmon resonance (SPR) peak within the visible spectrum, between 400 and 500 nm, indicated the successful formation of
AgNPs. In contrast, this SPR peak was absent in the UV-Vis spectra of the AgNO; solution and the aqueous and organic
extracts of Z. officinale. During the investigation of the impact of different concentrations of AgNO; (1 and 10 mm) on AgNP
synthesis, it was observed that a higher concentration of AgNOj; resulted in greater organization of AgNPs, as indicated by the
high absorbance peak (Figure 3). The reaction mixture containing varying concentrations of AgNO; was examined using UV-
VIS following a 24-hour incubation period at pH 12. Based on these findings, a concentration of AgNO3 10 mm is optimal for
future investigations.

UV-Vis Spectroscopy for Optimized ZOEE-AgNPs and ZOAE-AgNPs

In order to obtain a suitable AgNP size, some conditions were optimized as follows: the prepared ginger extracts
(aqueous 25 mL) were slowly mixed in a 500 mL glass bottle with a prepared 10 mm aqueous AgNOj; solution (125 mL)
for the reduction process and shaken for 20 min. To avoid photo-activation, the reaction mixture’s pH was quickly
adjusted to 12 using a pH meter and a 24-hour dark incubation period. The reduction of silver ions to NPs was identified
by a color change to dark or reddish-brown. The formation of ZOAE-AgNPs was confirmed through spectroscopic
analysis. An analogous procedure was employed to synthesize the AgNPs from the ZOEE-AgNPs.

. Time dependant formation of AgNPs at pH 12 (A) Time dependant formation of AgNPs at pH 12 (B)
3.5
2.5 3
2 2.5
Q Q
Q o 2
£ 15 §
2 = 1.5
8 4 2
g <1

o
0

s \/\\\\

0 100 200 300 400 500 600 700 800
Wavelength (nm) Wavelength (nm)

\__

0 100 200 300 400 500 600 700 800

o
o

— 8 hrs 24 hrs 48 hrs — 8hrs 24 hrs 48 hrs

Figure 2 (A) UV-Visible Spectra of the time-dependent formation of AgNPs at pH 12 using ZOAE and 10 mm AgNOj; aqueous solution reaction mixture. (B) UV-Visible
Spectra of the time-dependent formation of AgNPs at pH 12 using ZOEE and 10 mm AgNOj; aqueous solution reaction mixture.
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Silver nitrate conc. in molar dependent formation
of Ag-NPs at pH 12
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Figure 3 The formation of AgNPs was observed at pH 12 by using different molar concentrations of AgNO3 aqueous solution and plant extract (ZOAE and ZOEE). The
reaction mixture, consisting of | mL plant extract and 5 mL AgNOj solution, was kept at room temperature for 24 hours.

The reaction between the ginger extract and silver ions was observed by UV-Vis spectroscopy of the synthesized
AgNPs. Spectroscopic analysis revealed the presence of an SPR peak at 420 nm for ZOEE-AgNPs and 425 nm for
ZOAE-AgNPs (Table 3 and Figure 4). AgNP presence was confirmed by the observed UV-Vis spectroscopy band, which
was caused by SPR absorption. Surprisingly, the NPs from ZOEE and ZOAE had very different maximum absorption
wavelengths. This may be because the phytoconstituents from various sources interact with the biosynthesized AgNPs,

causing varying interferences with the SPR absorption signature.

XRD Analysis

Figure 5 illustrates peaks at 20 values ranging from 20° to 80°. In the Z. officinale rhizome’ organic extract, the NPs
peaks were observed at 27.80°, 32.25°, 38.12°, 46.13°, 54.64°, 57.15°, 64.26°, 67.46°, and 76.87°. In contrast,
Z. officinale’ aqueous extract displays peaks at 27.80°, 32.15°, 34.21°, 37.92°, 43.83°, 46.13°, 54.76°, 57.45°, 64.26°,
67.46°, and 77.07°. These findings indicate the crystalline nature of the NPs. The NPs that can be indexed as crystalline
silver having peaks at 26 value of 38.12°, 43.83, 64.26° and 77.07° to the (111, 200, 220 and 311) planes of the face-
centered cubic structure, respectively, are shown in XRD pattern (JCPDS File: 00-024-0072). The 110, 111, 111, 200,
220, 220, and 311 planes of the face-centered cubic phase of silver oxide are shown in the XRD pattern at 20 value of
27.80°,32.15°,32.25°,37.92°, 54.76°, 54.64°, and 64.26° correspondingly (JCPDS File: 00-012-0793). To determine the
size of silver oxide NPs, the maximum intensity peak is computed. The silver oxide extracts were picked at 111, 311
lattice plane. The average particle size for organic extracts of used silver was calculated to be 63.8nm using Debye
Scherrer equation and 61.7 nm for aqueous extract of silver oxide.

Table 3 Absorbance and Wavelength of Z. Officinale’ Synthesized AgNPs

Molar PH | ZOEE-AgNPs Wave ZOEE-AgNPs ZOAE-AgNPs ZOAE-AgNPs
Concentration length (nm) Absorbance Wavelength (nm) Absorbance
| 12 379.0 0.457 430.0 0.733
10 420.0 2.883 425.0 2.657
13326 e International Journal of Nanomedicine 2024:19
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Biosynthesized Ag-Nps using both ginger extracts
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15
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Figure 4 UV-Vis spectroscopy for ZOEE-AgNPs and ZOAE-AgNPs.
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Figure 5 Synthesized AgNPs extract of Z. officinale XRD pattern (B= ZOEE-AgNPs, D=ZOAE-AgNPs).

Where,
D = average crystalline size,
K = dimensionless shape factor with a value close to unity (0.99).
A= wavelength of cuka, (A 1.54A)
B = full width at half maximum of diffraction peaks, and
0 = Bragg’s angle.

SEM and EDXA
The shapes of the prepared NPs were analyzed using SEM. SEM analysis (Figure 6) revealed a spherical shape, whereas
SEM was coupled with EDX mapping to show the distribution of Ag, carbon, and oxygen in both the AgNPs (Figure 7

International Journal of Nanomedicine 2024:19 hetps: 13327
ove!


https://www.dovepress.com
https://www.dovepress.com

Ramzan et al Dove

Figure 6 The shape of ZOAE and ZOEE synthesized AgNPs from at different magnification were shown through SEM micrograph. (A) ZOAE-AgNPs at magnification of
3,00,000% (100 nm). (B) ZOAE-AgNPs at magnification of 2,00,000% (200 nm). (C) ZOAE-AgNPs at magnification of 1,00,000% (500 nm). (D) ZOEE-AgNPs at magnification
of 2,00,000% (200 nm). (E) ZOEE-AgNPs at magnification of 1,00,000% (500 nm). (F) ZOEE-AgNPs at magnification of 50,000% (I um).
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Figure 7 The quantitative amount of different element in the synthesized AgNPs were demonstrated using EDX spectra for extracts of Z. officinale. (A) ZOAE-AgNPs. (B)
ZOEE-AgNPs.
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and Table S2-S3). The results showed the presence of strong silver signals at 3KeV, as well as carbon and oxygen. It is
clear from Table S2-S3 that the weight percentage of silver is 90.97% and 77.34%, respectively.

ATR-FTIR Analysis

The spectra of aqueous and organic Z. officinale and the resulting ZOEE-AgNPs and ZOAE-AgNPs are shown in Figures 8 and 9
and Table 4. The Z. officinale (organic and aqueous) extracts and AgNPs (manufactured using Z. officinale organic or aqueous
extracts) showed significant and minor alterations. The aqueous and organic extracts of Z. officinale thizome exhibit O-H and
N-H stretching of phenolic compounds, which leads to a shift in the absorption peaks from 3306.93 cm™ and 3358.91 cm ™' to
lower wavelengths of 3270.84 cm™' and 3220.11 cm™!, respectively. Additionally, terpenoids and saponins demonstrate
characteristic absorption peaks at 2909.59 cm™, 2915.48 cm™!, 2915.36 cm™!, 2916.28 cm™!, 2839.88 cm™!, 2840.58 cm™!,
2848.15 cm™', and 2848.40 cm ™!, indicative of aliphatic or methylene groups. Furthermore, shifts were observed for the peak at
1589.45 ecm™' due to the presence of alkenyl or aromatic C=C stretching, with a corresponding higher wavelength at
1631.15 cm™!, and a shift for the peak at 1706.22 cm™! to a lower wavelength of 1703.60 cm™!. The FTIR spectrum in the
1650-1550 cm ™! region represents stretching of C=C, C=N, and NH, while the range of 1550-1300 cm™" indicates stretching
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Figure 8 (A) ATR-FTIR for ZOEE (ZOEE-Z. officinale organic or ethanolic extracts). (B) ATR-FTIR for ZOEE-AgNPs (ZOEE-AgNPs—Biosynthesized AgNPs using
Z. officinale organic or ethanolic extracts).
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Figure 9 (A) ATR-FTIR for ZOAE (ZOAE-Z. officinale aqueous extracts). (B) ATR-FTIR for ZOAE-AgNPs (ZOAE-AgNPs—Biosynthesized AgNPs using Z. officinale aqueous extracts).

associated with NO, or CH3 and CH, groups. The presence of C-O-C, C-OH, and P=0 functional groups is suggested by peaks
in the 1300-1000 cm ™! range. Peaks within the 800—-500 cm ™! interval indicate the presence of aromatic compounds, while those
in the 1270-650 cm™! range correspond to C-H, C-O, and N-H stretching. A change in peak positions in the generated AgNPs

Table 4 Aqueous or Organic Extracts of Z. officinale Spectral Peak Values and Functional Groups

Dove!

Wave Number Range Wave Number Assignment Functional Groups Supporting
(Detected In This Study, cm) Range References
Reference, cm
3270.84,3306.55, 3320.11, 3358.91 3000-3600, O-H and N-H stretching Water, alcohol, phenol, [29,40]
3000-3500 carbohydrate, peroxide

2909.59,2915.48,29,015.36,2916.28 2920 C-H Stretching Polysaccharide, lipids, [29]

carbohydrates
2839.88, 2840.58, 2848.15, 2800-2900 C-H stretching Polysaccharide, lipids, [40,41]
2848.40 2850 carbohydrates

(Continued)
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Table 4 (Continued).

Wave Number Range Wave Number Assignment Functional Groups Supporting
(Detected In This Study, cm) Range References

Reference, cm

1631.15, 1706.22, 1703.60, 1600—-1760 N-H binding vibration, Amino acid, fatty acids, ester [40,41]
C=0 binding vibration

1506.59, 1509.52,1583.76 1589.45, 15001600 Aromatic and -NH Amino acid [41]

bending vibration

1366.05, 1370.24, 1375.40, 1300-1500 Primary and secondary Primary, secondary and tertiary [40]
1392.59, 1450.83,1452.65, 1453.09 O-H bending, and phenol alcohol. Phenol and phenyl group
1125.08, 1211.64, 1230.44, 1100-1270 C-O stretching vibration Acid or ester [40]
1264.28
1011.86,1030.04, 1040.90, 1082.75 997-1130 C-O stretching vibration Mono or oligosaccharide [40,41]
997-1140 CH-binding Oligosaccharide, glycoprotein
<1000 Isopernoids

indicates that the aqueous and organic extracts of Z. officinale thizome’s functional group contribute to the AgNP production
process. These results conflict with the phytochemical examination of the organic extracts of Z. officinale from the rhizome.

DLS and Zeta Potential Analysis

The size of the AgNPs synthesized biologically at pH 12 from Z. officinale was measured. Results from DLS showed that
ZOAE-AgNPs and ZOEE-AgNPs had an average diameter of 200.5 nm and 259.2 nm, respectively, and poly dispersity
(PDI) indices of 0.373 and 0.469 (Figure 10). The zeta potential of Z. officinale aqueous and organic extract based on
biosynthesized AgNPs was —22.0 mV, —39.9 mV, ZOAE-AgNPs and ZOEE-AgNPs, respectively.

Effect of Different Physical Parameters on the Preparation of AgNPs Using Both

Ginger Extracts

One milliliter of plant extracts were added into 5 mL of 10 mm silver nitrate solution for reduction into silver ions at
37°C. The physical parameters were optimized using the obtained reaction mixture of Z. officinale (Table 5). In this case,
it was expected that maximizing SPR intensity would also produce the greatest number of NPs with smaller sizes.

Stability and Reproducibility of AgNPs

The AgNPs were tested for stability by storing the colloidal dispersion of NPs and tracking absorption spectra over time.
Following a 31-day interval, the dispersion remained steady and no significant spectrum changes or precipitation were
observed, indicating its stability over the examined time. More than fifteen times, the synthesis of AgNPs was carried out
under ideal conditions, and each time, the characteristics were consistent.

Antimicrobial Susceptibility Test (Commercially Antibiotic)
It was found that S. aureus was resistant to different antibiotics. While the amoxicillin (Ax,5) was sensitive to S. aureus.
Table 6 shows the sensitivity of the tested organisms to different antibiotics.

Plant Extract is Used in an Antibacterial Assay of Synthetic AgNPs Against MDR

S. aureus, Salmonella enterica and E. coli

Following the application of biogenic AgNPs generated at pH 12 via particular extracts for antibiotic testing, the organisms
exhibited a notable zone of inhibition (Table 3). Table 7 makes it clear that, at the same dosage of AgNPs, Gram-negative
bacteria (E. coli) exhibit a larger zone of inhibition than Gram-positive bacteria (S. aureus). The observed discrepancy may
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Figure 10 (A) Size distribution (by intensity) of ZOAE biosynthesized AgNPs. (B) Zeta potential distribution of ZOAE biosynthesized AgNPs. (C) Size distribution (by
intensity) of ZOEE biosynthesized AgNPs. (D) Zeta potential distribution of ZOEE biosynthesized AgNPs.

be attributed to the distinct compositions of the cell walls in Gram-negative and Gram-positive bacteria. The cell wall of
Gram-positive bacteria is characterized by a thick peptidoglycan layer composed of short linear polysaccharide chains cross-
linked by peptides, resulting in a rigid structure that hinders the penetration of AgNPs. In contrast, the cell wall of Gram-
negative bacteria features a relatively thinner peptidoglycan layer, which may facilitate easier access for AgNPs.

MIC Determination of Synthesized ZOEE-AgNPs Against E. coli
The minimal concentration of ZOEE-AgNPs required for the inhibition of MDR E. coli growth was 25 pg/mL. The
minimum concentration of ZOAE-AgNPs required for the inhibition of MDR E. coli growth was inhibited 12.5 ug/mL.

Table 5 Summary of Different Parameter for Controlled Condition
for Biosynthesized AgNPs Using Extracts of Z. Officinale

Optimization of Different Parameters | Corresponding Value
Temperature 37°C
pH of medium 12.0
Reaction time 24 h
Silver ion concentration 10 mm
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Table 6 Bactericidal Activity Against E. coli, Salmonella enterica

and S. aureus

Pathogens Species

Antibiotics | Zone of Inhibition (mm)

Escherichia coli

Amoxicillin

Azocillin

Cloxacillin

Oxacillin

Ticarcillin

Salmonella enterica

Amoxicillin

Azocillin

Cloxacillin

Oxacillin

Ticarcillin

Staphylococcus aureus

Amoxicillin

Azocillin

Cloxacillin

Oxacillin

Ticarcillin

Notes: Ax,s (Amoxicillin), Az 75 (Azocillin), Cx, (Cloxacillin), Ox; (Oxacillin), Ti

75 (Ticarcillin).

Table 7 Organic or Aqueous Extract of Z. Officinale Used to
Synthesized AgNPs Showed Zone of Inhibition in Mm

Bacterial Isolates | Zone of Inhibition (mm) Means £ SD
ZOEE-AgNPs ZOAE-AgNPs
Escherichia coli 18.33 £ 0.30 20.83 + 0.53
Salmonella enterica 16.83 + 0.47 17.33 £ 0.30
Staphylococcus aureus 13.83 £0.53 15.5 + 0.50

Notes: ZOEE-AgNPs: AgNPs synthesized using Z. officinale. ZOAE-AgNPs:
AgNPs were synthesized using the aqueous extracts Z. officinale.

Discussion

Biological production of NPs is an important tool for the prevention of diseases, with certain advances in nontoxic biogenic
molecules (present in plant extracts) that are beneficial, cheap, and involve strategies for their assemblage.**** The aim of current
research was to synthesize the AgNPs using various Z. officinale’ extracts and to evaluate how effective they were against
bacteria. The conditions for preparing AgNPs were improved by the color change observed with Z. officinale. Within 24 h,
a noticeable change in color occurred in the reaction mixture, shifting from yellow-brown to reddish-brown, indicating the
synthesis of AgNPs. This transformation could be a strong indication of the reduction of silver ions to AgNPs, which is also
connected to SPR.?” In addition, the extract of Z. officinale and the two mixtures containing ZOAE-AgNPs and ZOEE-AgNPs
were analyzed using UV-Vis spectroscopy. The factors affecting the synthesis of AgNPs were the AgNO3 concentration, pH, and
reaction time, which were the ratio of AgNOj; to Z. officinale’ aqueous and organic extracts. Biogenic AgNPs were generated
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within a few minutes using Cetraria islandica,”’ Parmelia perlata in 30 min,* and Parmotrema preserediosum in 24 h.*® It might
be argued that the difference in time required for the synthesis of NPs might be linked to the type of solvent used, the method and
circumstances for extraction, and the quantity of secondary metabolites in plant extracts. Our findings are consistent with those of
the previous studies.>**>! The UV Vis Spectra of synthesized AgNPs using ZOEE at pH 8.5 showed a maximum absorption
peak at 448 nm (1.480 absorbance) for 24-hour incubation. UV Vis. Spectra synthesized AgNP using ZOEE at pH 10 or 12 also
showed maximum absorbance peak 425nm (1.796 absorbance) and UV Vis. Spectra synthesized AgNP using ZOEE at pH
12 have a maximum absorbance peak of 420 nm (2.883 absorbance). Absorption intensity serves as a critical parameter for
assessing the extent of NP formation, with higher absorption intensities signifying a greater concentration of NPs in solution. In
contrast, at pH values of 8.5 and 10, a decrease in peak intensity was observed, which can be attributed to the agglomeration of
NPs or their increased size. The first reason is an increase in pH that leads towards a reduction of distance between the particles,
the homogeneity and regularity for nanomaterials or crystalline regeneration led to increased absorption and reduced transmit-
tance. The second reason could be that higher pH is likely to provide more electrons in the reaction mixture that facilitates the
overall reduction process. The alkalinity pH environment enhances the reducing and stabilizing capabilities of bioactive
compounds in the plant extract.

The XRD results from the present study demonstrate that Z. officinale, whether derived from organic or aqueous
extracts, can effectively facilitate the synthesis of Ag/AgO composite NPs. The interaction between silver ions and silver
oxide ions present in the organic and aqueous extracts of Z. officinale is instrumental in the formation of AgO composite
NPs. These findings align with prior research that has documented similar outcomes in the biosynthesis of AgNPs.** The
XRD analysis confirmed the formation of crystalline AgNPs.>*> The peaks at 32.28°, 46. 28°, 67.47°, and 76.69° were
identified in a previous study.’*

Using ATR-FTIR, the functional groups of ZOAE or ZOEE responsible for the reduction of silver ions from AgNO;
were studied, and the stabilization of AgNPs was investigated.” FTIR is a powerful analytical technique that allows for
the identification of both organic and inorganic constituents. This provides valuable insights into the infrared spectra of
solids, liquids, and gases. In order to help cap the AgNPs and identify the functional groups present in the biomolecules
causing the bioreduction of Ag+, FTIR measurements were carried out. The presence of residual capping agent with the
AgNPs was indicated by the FTIR spectra, which specifically showed main absorption bands at 3270.84 cm-1 and
3220.11 em-1, 2915.48 cm-1, 2916.28 cm-1, 2839.85 cm-1, 2848.40 cm-1, 1703.60 cm-1, 1631.15 cm-1, 1450.63 cm-1
and 1453.09 cm-1, 1062.76 cm-1, 1040.90 cm-1, 1023.16 cm-1, and 1011.86 cm-1. The presence of alcohol and
phenolic-related species is indicated by the large bands in the spectra of both ginger extracts that were seen at
3270.84 cm-1 and 3220.11 cm-1. These bands correspond to the O—H stretching vibration.*®>® Four bands were found
at 291548 cm-1, 2916.28 cm-1, 2839.85 cm-1, and 2848.40 cm-1. These bands are associated with the aromatic
compound’s C—H stretching. Only the ginger aqueous extract showed the tiny band at 1703.60 cm-1, which is indicative
of non-conjugated C—C stretching. The bands in ginger organic extracts that occurred at 1631.15 cm-1 correspond to the
C—N and C—C stretching vibrations, indicating that the presence of proteins results in amide.?”*>>>* The N—H stretch
vibration of the amide moieties may be responsible for the two bands at 1450.63 cm-1 and 1453.09 cm-1. The four
significant stretch vibrational bands found in ginger extracts (1062.76 cm-1, 1040.90 cm-1, 1023.16 cm-1, 1011.86 cm-1,
and 1042 cm—1) are thought to be connected to the C—O—C stretch of polysaccharides and aromatic ethers.*>*' It has
been noted in earlier studies that these identified functional groups would probably be crucial in capping and stabilizing
the as-formed AgNPs.***! Primary and secondary amines and amides’ -NH2 wagging is linked to the bands in the
900-600 cm—1 range. The FTIR spectroscopic finding leads to the conclusion that organic species produced from plant
extracts are most likely covering the AgNPs surface.

Spherical AgNPs were confirmed by SEM-EDXA analysis. The accumulation of NPs suggests that they were in
contact during stabilization. The functional groups were responsible for capping the AgNPs and were stable in size. The
reduction in silver ions, as indicated by the signal produced by EDXA was 3KeV. In the range of 3keV,”” metallic silver
nanocrystals typically exhibit strong absorption spectra. Similar results have been reported in earlier studies.**>*** Two
impurity peaks were detected below 1KeV two impurities were detected, corresponding to carbon and oxygen, which
may have arisen from the plant extract.****' EDXA analysis of the biosynthesized AgNPs sample revealed the presence
of carbon and oxygen atoms in addition to silver peaks. This provided evidence for the presence of organic chemicals, or
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phytoconstituents, on the surface of biosynthesized AgNPs and supported the finding that the aqueous and organic
extracts of ginger did not produce AgNPs given that plant secondary metabolites function as NPs’ capping and lowering
agents in addition to one another. The variations in UV Vis might be caused by the different phytoconstituent content of
the organic and aqueous ginger extracts. The nanosize and spectral absorption of biosynthesised AgNPs.

DLS, which is dependent on the interaction of light with particles, was used to assess the spread of molecules between
2 and 500 nm.”® Different characterisation techniques revealed that AgNP particle sizes are often found in the sequence
DLS>XRD. AgNPs were found to be bigger in XRD than in prior studies based on DLS.**%° To explain this discrepancy,
consider that the hydration layer, capping agents, and stabilizing operators caused the observed size to be dependent on
the mix of particles and hydrodynamic radius by DLS. The results obtained from DLS in current study for ZOAE-AgNPS
and ZOEE-AgNPs had an average diameter of 200.5 nm and 259.2 nm with PDI of 0.373 and 0.469.

The more homogenous the NPs, the higher the PDI, which measures the homogeneity of the NPs. The size
distribution of the population within a given test sample is shown. The PDI is up to 1.0. NPs with a value less than
0.5 are regarded as sufficient for sedate transportation. In the present study, the AgNPs synthesized by Z. officinale
aqueous and organic extract the zeta potent value was —22.0 mV for ZOAE-AgNPS and —39.9 mV for ZOEE-AgNPs in
present study. Both AgNPs have negative zeta potential values, which confirms the repulsion among particles, and the
negative value also shows that AgNPs are highly stable.®!

MDR bacterial strains pose a serious threat to public health and have been reported worldwide. S. aureus is among the
multidrug resistant species of bacteria whose antibacterial susceptibility to AgNPs has been previously reported in various
studies.?>40:48:6263 1t is possible that the antimicrobial properties of AgNPs originate from their components. Some
important enzymes, thiol groups, and silver ions participate in powerful processes, ultimately making them inactive.

The study’s findings demonstrate the value of synthesized AgNPs in combating strains of Salmonella enterica, E. coli,
and S. aureus. AgNPs produced from green materials substantially reduced S. aureus, E. coli, and Salmonella enterica. In
previous studies, AgNPs have been shown to possess the ability to combat various bacterial species, including those that
are extensively drug resistant (XDR).®**> AgNPs have been found to be highly effective antibacterial agents.®® In another
study, NPs derived from S. potatorum leaf extract demonstrated efficacy against S. aureus.®” Antimicrobial efficacy of
AgNPs prepared from organic and aqueous extracts of Z. officinale against MDR bacteria.°® The dense peptidoglycan
layer of Gram-positive bacterial cell walls, made of straight polysaccharide chains cross-linked by peptides, creates
a stronger framework that prevents the interaction of AgNPs.®” There is a suggested mechanism for the AgNP action
against microbial pathogens, such as E. coli and S. aureus. According to this process, when AgNPs come into contact
with water or tissue fluid, silver ions are released. The electron donor functional groups, such as phosphates, thiols, and
indoles, which include sulfur and phosphorous compounds, were bound by the silver ions after they had pierced the cell
membrane. Since each of these substances is found in ribosomes or DNA, the function of the DNA was thrown off,
preventing DNA replication. The microbial cell was unable to expand as a consequence, and it finally perished.

Different MIC values have been reported in previous studies. Because the antibacterial activity of AgNPs cannot be
measured using a single method, researchers have employed different techniques to compare the results because it is
challenging.””

Study limitations and future direction

Although the current study has thoroughly investigated the NPs synthesized from ginger extracts, there are certain
limitations of the study which could be considered for further future studies. In the current study, we were not able to
countercheck the characterization of AgNPs using more recent techniques such as Transmission electron microscopy,
thermogravimetric analysis, X-ray photoelectron spectroscopy, which can provide a more comprehensive understanding
of the NP properties. Furthermore, the future studies could be strengthened by including additional antimicrobial tests
such as time-kill assays or biofilm inhibition studies.

Conclusion
In conclusion, the organic and aqueous extracts of ginger showed great capability to synthesize AgNPs. UV-Vis
absorption peak at 420 nm for ZOEE and 425 nm clearly indicated the formation of AgNPs. XRD patterns confirmed
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the phase composition and nature of synthesized NPs. ATR-FTIR spectroscopy studies confirmed the formation of
AgNPs by the action of different phytochemicals with their different functional groups present in plant extract solution.
SEM imaging revealed the remarkable potential for further applications of these NPs owing to their distinct spherical
shape. EDX spectra confirmed the presence of elemental signals in AgNPs. The green synthesis of AgNPs is cost-
effective, safe, nontoxic, and an eco-friendly approach for mass production, as well as having potential against MDR
bacterial strains. Significant antibacterial activity was shown by AgNPs against Escherichia coli compared to
Staphylococcus aureus, which concluded that the AgNPs were more effective against Gram negative bacteria. These
NPs have the potential to offer their application in biomedical and related fields to improve the quality of life. With the
advancement of research in this field, the use of biosynthetic AgNPs could potentially offer more benefits than the
conventional chemical synthesis methods. This has led to exciting advancements in various industries.
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