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ABSTRACT

Many research opportunities have arisen as a result of the green synthesis method for nanoparticle creation 
and the rapid development and breakthroughs in nanotechnology. This study covers the one-step synthesis of silver 
nanoparticles (SNPs) from Mangifera indica bark aqueous extracts. Bark extract is combined with AgNO3 to perform 
green synthesis of SNP. The synthesised SNPs were characterised by a color change from light yellow to deep 
brown, as well as UV-VIS spectrophotometry in the 300-700 nm area. Further characterisations were carried out 
using Fourier transform infrared spectroscopy (FTIR) and X-Ray Diffraction (XRD) studies, followed by Scanning 
Electron Microscopy (SEM) and Energy-Dispersive X-ray spectroscopy (EDX) analysis. Phytochemical examination 
of crude bark extract revealed the existence of secondary metabolites alkaloids, flavonoids, phenolics, tannins, and 
saponins but no glycosides and starch were present. The antimicrobial activity (AMA) of Bark SNP (BSNP) towards 
gram-positive bacteria [Staphylococcus Aureus (SA) & Streptococcus Pyogenes (SP)], gram-negative bacteria [E. coli 
(EC) & Pseudomonas aeruginosa (PA)], and Candida species were determined using the disc diffusion technique. 
A single-factor ANOVA was used for performing the statistical analysis, and p-values < 0.05 designated statistical 
significance. The green synthesised SNPs were spherical and crystal size ranged between 10 and 12 nm on average. In 
UV-vis spectroscopy, the absorption spectra peaked at 460 nm. It was discovered that the SNPs’ antibacterial activity 
was stronger than their antifungal activities. Compared to commercial medicines, the BSNP exhibits a reasonable 
inhibitory effect. The purpose of the current study was to build a new, affordable, ecologically safe process for a 
plant-mediated green approach for SNP synthesis and evaluate its antimicrobial activity for sustainable resources.
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NOMENCLATURE
AMA : Antimicrobial activity
BSNP : Bark silver nanoparticles
DIW : De-ionized water
EC : Escherichia coli
EDX : Energy-Dispersive X-ray spectroscopy
FCC : Face centre cubic
ICDD : International centre for diffraction data
MHA : Mueller-Hinton agar
MTCC : Microbial type culture collection
NPs : Nanoparticles 
PA : Pseudomonas aeruginosa
SA : Staphylococcus aureus
SP : Streptococcus pyogenes
SDA : Sabouraud dextrose agar
SNPs : Silver nanoparticles
ZOI : Zone of inhibition

1. INTRODUCTION
In 1974, N. Taniguchi coined the word “nanotechnology,” 

which refers to the study of the creation and application 
of particles ranging in size from 1 to 100 nm, or  
1 × 10–9 m1. Chemical, physical, or biological procedures 
are the three ways that nanotechnology is used to synthesise 
nanoparticles (NPs)2,3. Numerous sectors, including forestry, 
agriculture, drug delivery, pharmaceuticals, plant disease 
control, etc., employ the use of nanotechnology 4. Due 
to their high surface-to-volume ratio, which denotes for 
their enhanced reactivity and biochemical activities, NPs 
are currently favoured over other chemical formulations5. 
Raveendram6, et al. pioneered green mode nanoparticle 
synthesis, wherein silver nanoparticles were synthesised 
by reducing β-D-glucose and using starch as the capping 
agent. The goal of green nanoparticle synthesis was to 
reduce the harmful consequences of chemically manufactured 
nanoparticles while also producing biologically useful 
and cost-effective ones. Green-mediated nanoparticle 
production and characterisation have developed as a 
key area of nanotechnology, particularly for noble 
metals like Pd (Palladium), Ag (Silver), Au (Gold), and  
Pt (Platinum)7. Most widely used metal nanoparticles 
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developed and utilised are obtained from Silver and 
named as Silver Nanoparticles (SNPs). Silver (Ag) has 
high antibacterial properties and a specific surface area 
for maximum environmental contact8. Silver is the most 
widely utilised noble metal due to its wound-healing 
properties and application in biomedicine. 

Plant components include a variety of phytoconstituents 
that work to reduce metallic compounds into metallic 
particles at the nanoscale9. High levels of antioxidant 
activity are found in active bioactive chemicals found 
in Mangifera indica10. M. indica tree phytochemicals 
possess antibacterial and antiviral qualities because they 
possess substances like phenolic compounds11. Ethanolic 
extract derived from M. indica fruit kernel has a high 
antibacterial activity as shown against a variety of 
pathogenic bacteria, such as Streptococcus pyogenes, 
Pseudomonas aeruginosa, Klebsiella pneumoniae, and 
Staphylococcus aureu 12. M. indica, an ancient tree with 
huge medicinal properties, has been utilised in several 
ways. Research on M. indica fruit has demonstrated 
their anti-enteric13, antibacterial14, antidiarrheal15, and 
antioxidant effects16. 

Every part of the M. indica tree possesses some or 
the other kind of medicinal properties. Most research 
work has been done on leaves17-18, mango pulp19-20, seeds21, 
and peels22-23 but the bark has not been explored for its 
beneficial properties. Hence, the current study examines the 
advantages of nanotechnology with the bark of Mangifera 
indica for the biosynthesis of SNPs and to detect its 
antimicrobial activity against a group of microbes. The 
phytoconstituents of bark work as the reducing as well as 
the capping agent for the generation of SNPs24. Because of 
the fast growth of nanostructured noble metals and their 
utilisation in medicine, the goal of this work focuses on 
the biogenic creation of SNPs utilising the aqueous extract 
derived from the bark of M. indica, which has a variety 
of therapeutic benefits and may prove to be a sustainable 
resource in the near future.  The phytochemical composition 
of the M. indica bark extract is qualitatively analysed 
and the created SNPs was quantitatively characterised by 
UV-VIS, FTIR, SEM, XRD, etc.

2. MATERIAL AND METHODS
2.1 Chemicals and Materials

All the chemicals used were purchased from 
HiMedia Pvt. Ltd. (Mumbai, India) and deionised 
water (DIW) was used throughout the experiment. 
The collection of bark (~5-6 inches pieces) was 
done from the mango orchards (2-3 years old) of 
Krishi Vigyan Kendra, Banswara, Rajasthan, India 
(23.54 ºN, 74.433 ºE). The species was identified 
in the University of Rajasthan’s Botany Department 
Herbarium in Jaipur, Rajasthan, India (RUBL 21398). 
The following microbial strains were purchased from 
the Microbial Type Culture Collection and Gene Bank 
(MTCC) in Chandigarh: S. pyogenes (MTCC 442), 
C. glabrata (MTCC 3019), S. aureus (MTCC 96), E. 

coli (MTCC 729), C. albicans (MTCC 3017) and P. 
aeruginosa (MTCC 3541). 

2.2 Preparation of Plant Extract
The bark was isolated from a fully mature and fruiting 

mango tree from the upper, middle, and lower regions 
of the trunk in February-March. The circumference of 
the trunk was 3-4 meters. The bark was light to dark 
brown in colour and had a rough appearance. The bark 
samples were mixed together before carefully cleaned 
multiple times with DIW to remove dirt and shade dried 
for 1 week. The bark was pulverised into fine powder by 
crushing, and grinding using pestle mortar and grinder 
followed by sieving with the muslin cloth. 2 grams 
of bark powder were combined with 100 millilitres of 
DIW. The mixture was placed in a 60 °C water bath 
for 30 minutes before being agitated for one hour on a 
magnetic stirrer. The combination was then filtered by 
means of Whatman Filter Paper no.1 and was reserved 
at 4 °C until the next usage. 

2.3 Biogenic Formation of Silver Nanoparticles
In deionized water,  20 ml of  bark extract 

and  80  ml  o f  1  mM AgNO 3 were  combined  
(Niraimathi35, et al. 2013). To reduce the photo-activation 
of AgNO3, the entire reaction was conducted in low light. 
The solution changed color briefly, going from light to 
reddish-brown to deep brown, suggesting that AgNO3 
has been reduced to SNPs. Additionally, a UV-visible 
spectrophotometer was employed to characterise the 
solution’s spectrum. The reaction mixture was centrifuged 
for 15 minutes at 4 °C and 5000 rpm. The pellets were 
collected and dehydrated at 40 °C in the oven to obtain 
BSNPs.

2.4 Qualitative Analysis of Bark Extract for Phytochemicals
The aqueous extract of bark was tested for phytoconstituents 

including flavonoids, alkaloids, reducing sugars, glycosides, 
saponins, phenols, tannins, starch, steroids, and proteins, 
using a standard procedure mentioned by Shaikh and 
Patil25.

2.5 Statistical Analysis
The biological studies were performed in a set of 

triplicates and independently three times. The results 
were represented as mean ± SD. The data was assessed 
with a single-factor analysis of variance (ANOVA), with 
statistical significance determined as p < 0.05.

2.6 Antimicrobial Assay of Bark SNP
To develop freshly acquired microbial strains, they 

were placed in Nutrient Broth (NB). The cultures were 
then incubated for 18 to 24 hours at 37 °C. In addition, 
the cultures were cultivated on Nutrient Agar (NA). 
After an overnight growth period in the NB, the cultures 
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were tested for viability and microbial culture density 
using the O.D. (Optical Density) between 0.5-1. In 
parallel, previously established processes were employed 
to manufacture sterilised MHA and SDA plates for 
AMA26-28. After the media solidified, the overnight 
cultures of the two fungal strains (CA & CG) and four 
bacterial strains (SA, SP, EC & PA) were spread out on 
agar petri dishes with the help of a disinfected cotton 
swab. Here, the 5 mm sterile paper discs were used in 
the disc diffusion test and labelled with the appropriate 
concentration. Paper discs inoculated with 1 mM AgNO3, 
50 μl of BSNP1, 100 μl of BSNP2, and the crude extract 
of Bark were used in the current study. The paper discs 
were evenly spaced and placed throughout the infected 
plates after being allowed to air dry for a portion of 
their length. In these antimicrobial plates, fluconazole 
and ampicillin were used as positive controls, while paper 
discs soaked in autoclaved water were used as negative 
controls. After 24 to 36 hours, the antimicrobial actions 
were determined by calculating the diameter of the 
clear Zone of Inhibition (ZOI) encircling the discs. The 
experiments were done thrice independently. To measure 
the antimicrobial action, the mean ZOI diameters (mm) 
of the SNP were investigated.

3. CHARACTERISATION
By diluting the sample with deionized water as a 

reference, UV-vis analysis (Shimadzu-1900i series) was 
carried out by scanning between 300 and 700 nm range. 
To ensure that the results were precise, reliable, and free 
of contamination, all necessary steps have been taken to 
maintain sterility. Centrifugation was done for 15 minutes 
at 5000 rpm to purify the BSNP solution. Purified SNPs 
were dried, and then their composition and structure 
were examined using FTIR, SEM, XRD, and EDX before 
being further investigated for an antibacterial assay. XRD 
was used to determine the BSNP’s nature and particle 
size. The Bruker AXS D8 Advance X-ray diffractometer, 
having a current and voltage array of 30 mA and 40 kV, 
was employed for this. Cu kα was employed, and its 
wavelength was 0.154 nm. Following the fine powdering 
of the material used in the experiment, the usual bulk 
configuration was investigated. The scanning time ranged 
between 20 and 90 seconds. To interpret the crystalline 
structure, the observed peaks were verified using the 
ICDD (International Centre for Diffraction Data) library. 
Debye Scherrer equations were employed to calculate 
the element or grain size of the BSNPs.
Crystalline size, D= K / cos 

where D is the observed peak angle degree, K 
represents crystalline-shape factor (0.9), B denotes for 
X-ray diffraction broadening (Full Width at half maximum) 
radian; λ stands for X-ray wavelength (1.540598) nm. 
FTIR spectroscopy was accomplished via the Bruker 
FTIR Alpha spectrophotometer. In the transmission 
mode, the FTIR spectrums were detected between 
4000 and 400 cm-1 keeping the spatial resolution at  

4 cm-1. The samples were generated using the KBr pellet 
process, and the surface chemistry of the reduced silver 
ion was determined, as well as the existence of any bio-
functional groups in the samples under study. The Carl 
Zeiss Gemini SEM300 FE-SEM was utilised for Energy 
Dispersive X-ray (EDX) analysis along with SCANNING 
ELECTRON MICROSCOPY. Fine particles of the tested 
sample were deposited straight onto the aluminum stub 
with carbon tape on top and then stowed within the 
equipment for inspection. The antibacterial capabilities 
of the biosynthesised silver nanoparticles were assessed 
towards gram-positive (SA and SP), gram-negative (EC 
and PA), and fungal strains of Candida spp. by the 
standard disc-diffusion method. Ampicillin and fluconazole 
were employed as the standard drug (positive control) 
for AMA, and the Zone of Inhibition (ZOI) during the 
sensitivity test was assessed. The autoclaved MHA and 
SDA media were used to cultivate the bacterial and 
fungal cultures, respectively.

4. RESULTS AND DISCUSSION
4.1 Biogenic Formation of Bark Silver Nanoparticles

The bark of M. indica showed a colour shift from 
light reddish brown to dark brown on mixing the aqueous 
bark extract with a 1 mM AgNO3 blend (Fig. 1), indicating 
the creation of nanoparticles. The visual aspect of the 
reaction blend changed from light brown to dark reddish-
brown as a result of BSNP surface plasmon resonance, 
i.e. regarded to be the chief indicator of nanoparticle 
creation. Comparable outcomes were determined by  
Bharathi29, et al. and Kora30, et al. during the biogenic 
formation of SNPs from M. indica and O. sativa leaf extract.

4.2 Qualitative Phytochemical Screening
Phytochemicals are the most efficient biological resources 

for producing metallic nanoparticles. Solvable phytochemicals 
such as flavonoids, quinones, organic acids, and polyphenols 
mostly contribute towards quick reduction of silver ions31. Bark 
aqueous extract was subjected to phytochemical screening, 
which identified alkaloids, flavonoids, phenolics, and saponins 
as the compounds that seem to be responsible for the creation 
of nanoparticles (Table 1).

4.3 UV-VIS Spectroscopy
When M. indica bark extract was utilised as a 

reducing agent and the samples were glanced from 300 
to 700 nm employing a UV-visible spectrophotometer, a 

Figure 1.  Color change observed after adding (a) AgNO3 to 
(b) bark extract forming (c) BSNP.
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rapid bio-reduction of silver nitrate was observed. 460 
nm was the wavelength of the UV–visible spectrum 
exhibiting the characteristic peak for silver nanoparticles  
(Fig. 2). For further characterisation, these biosynthesised 
nanoparticles were used. 

4.4 X-Ray Diffraction Analysis (XRD)
X-ray diffraction outline of BSNP, as revealed 

in Fig. 3, indicates that the subjected material is 
crystalline and in one phase. The ICDD card no. 03-
0921, 04-0784, and 87-0720 were used to determine 
the existence of just Ag. Additionally, the size of the 
nanoparticle crystallites was exhibited using Scheler’s 
Formula (Table 2). It was discovered that the produced 
nanoparticle values ranged from 9 to 11 nm. The 
silver phase indicated that it contains a significant 
number of nano Ag-particles, and is responsible for 
the greatest intense peak, which is located at 38.21º. 
Generally, particle size effects are responsible for the 
widening of peaks in solids’ XRD patterns. Larger 
peaks indicate lower particle sizes and show how 
the development and nucleation of the crystal nuclei 
are impacted by the experimental circumstances32. 
The si lver facets  (111),  (200),  (311),  and (222)  
(Fig. 3) have peaks at four different planes that 
correspond to their 2θ are 38.21º, 44.22º, 64.68º, and 
77.44º in accordance to Face Center Cubic (FCC) 
crystal assembly of BSNPs. Tripathy33, et al. and also 
Donga and Chanda34 reported a similar discovery in 
their investigations.

S. No.  Phytochemicals test  End result  Presence /
 absence

1 Alkaloids Mayer’s 
reagent

Reddish-
brown 
ppt. or 
colouration

+

2 Flavonoids Alkaline 
reagent

Yellow 
colour 
changes to 
colourless

+

3 Glycosides Keller-Killani 
test

Green-blue 
colour

-

4 Phenolics Ferric chloride 
test

Colour 
change 
observation 
after adding 
base

+

5 Proteins Xanthoproteic 
test

Yellow 
to Deep 
orange 
colour

+

6 Saponins Foam Test Froth 
formation at 
the surface

+

7 Starch Starch Test Bluish- 
black ppt

-

8 Steroids Hesse’s Test Reddish-
brown 
colour

+

9 Sugars Fehling’s test Greenish 
colour 
changing to 
red

+

10 Tannins Braymer’s test Blue or 
greenish 
colour

+

Table 1:  Phytochemical analysis of the crude aqueous extract 
of bark

Figure 2. UV-VIS spectra of bark SNP.

Figure 3. X-ray diffraction analysis of generated bark SNP. 

S. No. Peak 
value 
 (2Theta)

Fwhm Hkl 
value 
(Mi)

Crystal 
vize Nm 
(D)

Average 
size (D)

1 38.21 0.94451 111 9.31 10.08nm
2 44.22 0.90812 200 9.91
3 64.68 0.97887 311 10.04
4 77.44 0.96018 222 11.08

Table 2.  XRD examination of bark derived SNP by scherer’s 
formula. 

4.5 Fourier Transform Infrared Spectroscopy Analysis 
(FTIR)
The existence of O-H bond area and H-bonded 

phenols & alcohols were indicated by the peak in the 
FTIR spectrum, which was observed at 3429/cm. There 
is evidence of the O-H stretch of carboxylic acids at 
2928/cm. According to Fig. 4, the N-H curve of primary 
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amino acids and the C-H curve of alkanes happened 
at 1639/cm and 1350/cm, correspondingly. According 
to earlier research, this N-H bend is in charge of SNP 
stability35. The aromatic and primary alcohols are 
represented by the C-O extending at 1078/cm. Alkene’s 
C-H turn appeared to be a faint stretch at 825/cm. The 
crests at 3469/cm and 2928/cm were ascribed to O-H 
bounded area of polyphenolic compounds and C-H 
stretching of proteins, correspondingly36-37. Alkaloids, 
tannins, phenolics, saponins, steroids, flavonoids, and 
sugars were all present in the M. indica bark powder34. 
These essential secondary metabolites may have a 
major impact on the synthesis, reduction, capping, and 
stabilisation of SNPs. A similar study demonstrated 
that proteins and phenolic substances help fruit extract 
reduce silver ions to silver nanoparticles, aligning 
with our finding38. As functional groups, they included 
phenol or alcohol, alkyl halides, alkynes, carboxylic 
acid, ketones, amines, aromatics, and aliphatic amines. 
This is in line with our findings.

Figure 4. FTIR spectrum of bark SNP.

4.6 Scanning Electron Microscopy (SEM) and Energy 
Dispersive X-ray (EDX) Analysis
Analysing resulting image of the biosynthesised 

si lver sample,  certain unevenly granulated fused 
agglomerates of powder with brighter facets can be 
observed, along with polymorphic morphologies such 
as spherical,  ell ipsoidal,  and cubical.  The SNPs’ 
aggregation as a result of centrifugation is the cause 
of their phenomenal size (Fig. 5a). Energy dispersive 
X-ray analysis,  which is housed inside the SEM 
apparatus, was utilised to determine the elemental 
composition of the biosynthesised SNPs, which mostly 
include elemental silver in considerable quantities with 
tiny levels of carbon and oxygen as contaminants. 

Additionally, not a single extra element was 
found via the scan rate approach as observed in the  
EDX (Fig.  5b)39,  surface plasmon resonance in 
metallic silver nanocrystals produces a noticeable  
signal at 3 keV. The phytoconstituents such as cardiac 
glycosides, flavonoids, alkaloids, tannins, etc. that are 
present in the nanoparticles during their biosynthesis 
also vary in size and form depending on the plant and 
portion employed40.

a

Figure 5.  Scanning Electron Microscopy micrograph (a) and 
Energy Dispersive X-ray spectrum (b) of elemental 
composition of Bark SNP.

b

4.7 Disc Diffusion Approach for Antimicrobial Studies
Disc diffusion protocols were employed to assess 

the bark SNP’s antibacterial activity, adhering to the 
preceding section’s protocol. On the plates, SNPs showed 
greater antibacterial action towards Gram-negative (PA 
and EC) bacteria in contrast to Gram-positive (SA and 
SP) bacteria. Comparable to ampicillin (10µg disc) in 
terms of effectiveness, BSNP1 (100 µl) outperformed 
BSNP2 (50 µl). Zone of inhibition was detected in the 
antibacterial activity of gram-positive (SA and SP) and 
gram-negative (EC and PA) bacteria, the antifungal 
activity of the biosynthesised SNP from bark extract 
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Microbes Bark
Extract

BSNP1
(100µl)

BSNP2
(50µl)

AgNO3
(1 mM)

AB
(10µg)

EC 11.83 + 0.28 16.33 + 0.57 11 + 1 10.55 + 0.5 16.5 + 0.5

PA 8 + 1 14.16 + 0.76 9.33 + 0.28 9.9 + 0.173 17.5 + 0.5

SA 9 + 1 11.51 + 0.5 7.5 + 0.5 14.33 + 0.57 18.33 + 1

SP 8.5 + 0.5 17.08 + 0.62 11.4 + 0.36 9.33 + 0.57 15.96 + 0.25

CA 10.83 + 0.28 12 + 0.5 7.33 + 0.28 10.33 + 0.57 29.67 + 0.57

CG 7.06 + 0.3 10 + 0.3 5.67 + 0.57 9.67 + 0.57 26.9 + 0.45

Table 3. Antimicrobial activity represented by zone of inhibition (mm), (Represented as Mean + SD)

against Candida Albicans (CA), and Candida glabrata 
(CB) was also observed. SNPs showed low antifungal 
action but greater antibacterial action towards both Gram-
positive and Gram-negative bacteria, as shown in Fig. 
6(a) and (b) represented as the ZOI by the antibiotic, 
BSNP1 and BSNP2, AgNO3, and crude bark extract 
(Fig. 7 and Fig. 8). 

Comparable to fluconazole (10µg disc) in terms of 
effectiveness, more antifungal activity was shown by C. 
albicans than by C. glabrata. The ZOI (mm) measurement 
was determined using Vernier callipers and related controls 

Figure 6.  Antimicrobial action of bark SNP towards bacteria 
(a) and fungus (b).

Figure 7.  Antibacterial Activity of Bark SNP against Gram-
Positive (a=SA & b=SP) & Gram-Negative (c=PA 
& d=EC) bacteria (BSNP1=100µl, BSNP2=50µl, 
AgNO3=1mM, B=Bark extract crude, AB=Ampicillin 
(10µg disc)]

as shown in Table 3. The absence of a zone of inhibition 
in the control DW attested to the procedure’s correct 
execution. Gram-negative bacteria showed additional 
response to nanoparticle-induced antimicrobial actions 
in contrast to Gram-positive bacteria. Gram positive and 
Gram-negative bacteria easily distinguishable from one 
another by their unique cell wall compositions. According 
to Kokila41, et al. gram-positive bacteria possess thicker 
peptidoglycan coating on its cell walls than do gram-negative 
bacteria own. The type of bacteria and the concentration 
of nanoparticles affect the antimicrobial efficiency42.
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existence of SNPs. The SEM image revealed the presence 
of compact, high-density agglomerates of silver particles, 
as well as the formation of various highly agglomerated 
structures with polymorphic shapes such as spherical, 
ellipsoidal, and cubic. The elemental analysis of SNPs 
confirmed the presence of elemental silver with trace 
amounts of carbon and oxygen as impurities, and the 
EDXA scan revealed no other elements, indicating the 
purity of the synthesised sample. After being tested 
against S. aureus, S. pyogenes, E. coli, P. aeruginosa, 
C. albicans, and C. glabrata, it was discovered that the 
produced nanoparticles were far more potent against 
the bacteria than the fungus. Additionally, it may be 
assumed that higher dosages of SNPs will result in greater 
antibacterial efficacy. Therefore, it can be concluded from 
the aforementioned study that BSNPs made from M. 
indica bark extract can function as a strong antimicrobial 
agent against infections that affect humans. It may be 
inferred from the instance of bacterial activity that 
SNP can be effectively utilised, and that these metallic 
nanoparticles, when combined with plant metabolites 
that have a high antioxidant content, can be employed 
as a successful substitute for synthetic pharmaceuticals 
and help address the drug problem. The biosynthesis of 
SNPs from the bark of the mango plant is a one-step 
synthesis approach reported from India in this study 
and can serve as a better and sustainable resource for 
humankind to curb several diseases. This area of research 
needs to be explored further. 
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