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Abstract
Yashad Bhasma (YB) and Vanga Bhasma (VB) are traditional Ayurvedic zinc-based and
tin-based formulations, respectively, enriched with therapeutic values. Despite their long his-
tory, their scientific validation, physicochemical features, and antimicrobial activity are, how-
ever, less explored. This study aims to prepare these Bhasmas by following the traditional
method described in the Ayurvedic text “Rasashastra” and evaluating their physicochemical
and antimicrobial features. Ultraviolet-visible spectroscopy (UV-vis), Fourier transform in-
frared spectroscopy (FTIR), X-ray diffraction (XRD), Raman spectroscopy, Scanning elec-
tron microscopy coupled with energy dispersive X-ray analysis (SEM—-EDX), and Transmis-
sion electron microscopy (TEM) were used to evaluate the physicochemical and morphological
features. The analyses confirmed the crystalline wurtzite zinc oxide structures of YB ag-
glomerated in a circular fashion with an average particle size distribution of 21.8 nm and
rutile tin oxide structures of VB agglomerated in flower—like fashion with an average parti-
cle size distribution of 38.5 nm. The antimicrobial activity of both Bhasmas was evaluated
against wound pathogens B. subtilis and S. epidermidis using the agar well diffusion method.
The macro-broth dilution method was used to assess their minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC). YB showed 11.00 + 0.3 mm and
11.34 4+ 0.3 mm zone of inhibition (ZOI) against B. subtilis and S. epidermidis, respectively
and MBC of 12.5 — 25 mg m.L~! against both pathogens. The findings provide evidence for
the nanoscale features and antimicrobial potential of Ayurvedic Bhasmas, supporting their
therapeutic values.
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1 Introduction

Ayurvedic Bhasmas are ultrafine and highly refined
residue produced through an intricate alchemical
and pharmaceutical process involving the purifica-
tion, trituration and incineration of metals, min-
erals, gemstones or substances of animal origin.
These are traditionally regarded as smooth, non—
toxic, and biocompatible Ayurvedic formulations,
enriched with essential trace metal elements such
as zinc, copper and iron, aimed to manage a wide
range of human ailments [1-3]. These attributes
have been supported by several experimental tox-
icological studies conducted under controlled con-
ditions [4-6]. Yashad and Vanga Bhasma are two
metal-based Bhasmas that hold broad and sig-
nificant medicinal value in Ayurvedic healthcare.
Yashad Bhasma, obtained by processing of ele-
mental zinc, is specifically prescribed for diabetes,
skin ailments, and immune-related disorders [7—10],
while Vanga Bhasma, derived from elemental tin, is
prescribed for genital disorders, urinary problems,
and respiratory ailments [10-13]. These Bhasmas,
containing nano— or micro—scale level metal oxide
or metal sulphide particles, also demonstrate sig-
nificant antimicrobial properties and hold potential
applications in biomedical sectors [14-16].

The preparation method of Ayurvedic Bhasmas,
known as " Bhasmikaran", relies on manual labour,
simplified tools and traditional practices. Clas-
sical Ayurvedic treatises like Rasa Ratna Samuc-
caya, Rasa Tarangini, Rasashastra, and Bhaishajya
Ratnawali describe complex pharmaceutical pro-
cessing techniques such as Shodhana (purification),
Bhavana (impregnation), Marana (incineration),
Jarana (roasting), Mardana (grinding), Sandhana
(fermentation) and Amritikaranae (immortaliza-
tion) to transform metals, minerals, gemstones,
and animal-derived substances into extremely fine,
smooth, highly absorbable, therapeutically potent,
and non-toxic forms called Bhasmas [17-19]. Each
of these techniques utilizes particular tools, fuels,
media, and methods, many of which closely re-
semble top-down nanofabrication techniques like
chemical etching, plasma treatment, mechanical
milling, laser ablation, and lithography [20, 21].

The increasing public interest in traditional
medicine in recent years has intensified the de-
mand for research in Ayurvedic healthcare. The
discovery that Ayurvedic Bhasmas possess inher-
ent nanoscale properties has drawn attention to
these ancient methods as early forms of top-down
nanofabrication, highlighting their relevance in the
field of nanotechnology and pharmaceutical sci-
ences [22,23]. Despite a long history of empirical

use and therapeutic success, the scientific under-
standing of Bhasmas, particularly their structure,
physicochemical properties, formation mechanisms,
and functional attributes, remains less explored
within the scientific community. Therefore, re-
searchers are interested in exploring integrative
and innovative applications of these formulations
across diverse health care sectors. It helps enhance
our understanding of these traditional formula-
tions, strengthens their credibility, promotes global
acceptance, and assists innovation in Bhasma tech-
nology, effectively bridging the gap between ancient
knowledge and modern nanomedicine.

This paper primarily focuses on the synthesis of
Yashad and Vanga Bhasmas using the traditional
method described in the Ayurvedic text " Rasashas-
tra", their physicochemical characterization using
modern analytical tools to assess structural fea-
tures, and evaluation of their antibacterial activities
against selected wound pathogens B. subtilis and S.
epidermidis to validate their therapeutic potential.

2 Experimental procedures

2.1 Reagents

Raw zinc granules (Sigma-Aldrich; 99.9%), Raw tin
granules (Sigma-Aldrich; 99.9%), Calcium hydrox-
ide (Sigma-Aldrich; 99%), Achyranthes aspera pow-
der, Aloe vera extract.

2.2 Preparation of Yashad Bhasma
(YB) and Vanga Bhasma (VB)

Both Bhasmas were prepared following the tra-
ditional method described in the Ayurvedic text
"Rasashastra, but using a muffle furnace for incin-
eration instead of the traditional cow-dung-based
puta heating system (Figure 1). Initially, 20 g of
raw metal (zinc for YB and tin for VB) granules
were repeatedly melted in an iron pan and quenched
in 1 L of saturated lime water (pH = 11.3, experi-
mentally measured using a digital pH meter) seven
times, using fresh lime water in each cycle, until
the metal appeared dull silver with some black-
ish coarse powder. The quenched metal was then
heated with 2 g of Achyranthes aspera powder (Apa-
marga churna) under continuous stirring using an
iron ladle until the metallic luster completely dis-
appeared and only blackish powder remained. The
resulting powder was collected at the center of the
pan, covered with an earthen bowl, strongly heated
to 250 °C for 90 min, and allowed to cool natu-
rally. Subsequently, the powder was triturated with
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fresh aqueous aloe-vera extract in a mortar for 45
min until converted into a paste. The paste was
shaped into pellets of approximately 1 cm diameter
and shade dried. The dried pellets were placed in
a dry crucible and calcined in a muffle furnace at
350, 400, 450, 500, 550, 600, and 650 °C for 5 h
at each temperature. The calcination process was
carried out under ambient conditions (758 mmHg

and 14 °C), with a heating rate of 100 °C min~!,
followed by natural cooling. The resulting greenish-
yellow powder of YB and white powder of VB were
finely ground and sieved through muslin cloth. The
fine powders were labeled as SYB (Yashad Bhasma)
and SVB (Vanga Bhasma), respectively, and stored
separately in clean, dry glass vials.
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Figure 1: Schematic diagram showing the preparation of metallic Bhasma.

2.3 Characterization techniques

The following characterization of synthesized sam-
ples was performed to determine their optical and
structural properties.

2.3.1 UV-Visible Spectroscopy

The optical absorption spectra of SYB and SVB
samples were obtained by UV 1900 Shimadzu
(USA) UV-Visible spectrophotometer. A total of
1 mg of the sample was dispersed in 10 mL of
deionized water, sonicated for 5 minutes using an
ultrasonic probe sonicator at a 25 Hz frequency
with a 10-second on and 10-second off pulse cy-
cle, and the spectrum was recorded in the range of
200 — 600 nm. The data was also used to obtain a
Tauc plot to calculate band gap energy.

The Tauc plot relation is expressed as [24]

(ahv)" = K (hv — E) (1)
where « is the absorption coefficient, hv is the in-
cident photon energy, K is an energy-independent
constant, F, is the band gap energy, and n rep-
resents the nature of transitions, which can take
values 2 (for direct allowed transition) or % (for

indirect allowed transition) [24].

In a Tauc plot, Av (in eV) is plotted on the x-axis
and (ahv)™ (in eV cm™1)" on the y-axis. The pho-
ton energy hv is calculated using the relation [24]

1240

hy = ———
g Wavelength

(2)

The absorption coefficient « is calculated using the
relation

_2.303 x Absorbance
N Path length

where the path length is taken as 1 cm.

3)

A straight line was drawn through the linear part
of the curve in the plot and elaborated towards the
x-axis to get the band gap energy value.

2.3.2 Fourier Transform Infrared (FTIR)
Spectroscopy

FTIR spectroscopy of the samples was performed
with an IRAffinity-1S Shimadzu (Japan) FTIR
spectrophotometer. Each sample was scanned (40
scans) from 400 to 4000 cm~! at a resolution of 4
cm~! in attenuated total reflection (ATR) mode.
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2.3.3 X-ray Diffraction (XRD) Analysis

The crystal structure of the samples was inves-
tigated using a Bruker D8 Advance Eco P-XRD
(Germany) system equipped with a Cu-Ka X-ray
source of wavelength 1.541 A. Samples were loaded
on metal slides and placed inside the XRD ana-
lyzer. XRD patterns were recorded at a 26 range of
20° to 80° and a scan rate of 6° per minute. The
average crystallite sizes were calculated using the
Debye—Scherrer equation

K\
D:
[ cosf

(4)

where D is the crystallite size, K is the Scherrer
constant, A is the X-ray wavelength, [ is the peak
full-width at half maximum (FWHM) in radians,
and 6 is the Bragg angle.

2.3.4 Raman Spectroscopy

Raman analysis of the samples was performed with
LabRAM HR Evolution confocal Raman micro-
scope (HORIBA France SAS). A pinch of sample
was spread on a glass slide and scanned to observe
Raman shift range for metal-oxygen bond vibra-
tional modes from 100-1000 cm~! at a resolution
of 4 cm™!. The data were collected and graphs were
generated using Origin Pro software.

2.3.5 Field Emission Scanning Electron Mi-
croscopy (FESEM) and Energy Dis-
persive X-Ray (EDX) Analysis

Surface morphology and elemental composition
were studied using a ZEISS Gemini SEM 500 (Ger-
many) field emission scanning electron microscope
(FESEM). A small amount of sample was sprin-
kled on a double-sided carbon tape mounted on
aluminum stubs, gold sputtered and loaded on a
movable stage of a microscope. The sample’s sur-
faces were scanned at a magnification of 100,000 x
to obtain an electron image and elemental compo-
sition.

2.3.6 Field Emission Transmission Electron
Microscopy (FETEM)

The microstructural analysis of the samples was
performed with a JEOL JEM-2100F (Japan)
field emission transmission electron microscope
(FETEM). The sample was dispersed in deionized
water and sonicated for 2 minutes. A drop of dis-
persion was deposited onto a carbon-coated copper
grid (200 mesh size) of TEM and observed under
magnification of 300,000x.

2.4 Antimicrobial Evaluation

The samples were evaluated for their antibacterial
activity against Gram-positive wound pathogens
Bacillus subtilis ATCC 6051 and Staphylococcus
epidermidis ATCC 12228. The bacterial strains
were obtained from Microbiologics Inc., 200 Cooper
Avenue, North Saint Cloud, MN 56303. Colonies
from 18-24-hour—old cultures of the test microor-
ganisms were added to normal saline with subse-
quent vortexing until the turbidity of the suspen-
sion matched that of the 0.5 McFarland nephelome-
ter standard to prepare inoculum suspensions and
were used within 15 minutes of preparation. Test
solutions of 100 mg mL~! concentration were pre-
pared by adding dimethyl sulfoxide (DMSO) to 1
g of the sample to make the final volume 10 mL
followed by vortexing. The agar well diffusion tech-
nique [25] was used to assess antibacterial activity.
Mueller — Hinton agar media was prepared and
spread into sterile 90 mm Petri dishes. The inocu-
lum suspensions were spread on the dried surface
of the culture medium using a sterile swab. Three
wells (two for the test samples and one for DMSO
as a negative control) of 6 mm diameter were made
on the inoculated plates, one each at the center
of three of the four quadrants of the plates, us-
ing sterile cork borer. 50 pL of the test solutions
and DMSO were dispensed into the wells using
micropipettes. A suitable antimicrobial sensitivity
disc, as a positive control, was placed at the center
of the fourth quadrant of each of the inoculated
Petri dishes. The inoculated plates were allowed
to remain in the upright position for half an hour
to allow the test solutions and negative control to
diffuse into the media and then incubated in an
inverted position at 35 °C for 18 hours. The zone
of inhibition (ZOI) formed around the wells after
incubation was measured using a vernier caliper.

The Broth Macro dilution method was used to de-
termine minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC)
[26,27]. Two—fold serial dilution of the test solu-
tion in Mueller—Hinton Broth (MBH) was done in
5 mL screw capped glass vials so that each vial con-
tained 1 mL of the solutions of concentrations 50,
25, 12.5, 6.250, 3.125, 1.562, 0.781, 0.390, 0.195 and
0.097 mg mL~!. Inoculum suspensions of the test
microorganisms of density 5x105 cfu mL~! were
prepared in MBH and 1 mL of the suspensions was
then added to each vial of the dilution series so
that the dilution ratio of the test solutions and in-
oculum suspension becomes 1:2. Two vials of 1 mL
pure MBH were also maintained. One of them was
left uninoculated as a negative growth, while 1 mL
of inoculum suspension was added to the other for
positive growth. All the vials were then incubated
at 35 °C for 18 hours. After incubation, the vials
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were examined for growth as indicated by turbid-
ity in comparison to the negative growth vial. 0.005
mL of the MIC vial contents was drawn using a cal-
ibrated loop and was sub-cultured on fresh nutrient
agar media at the same temperature and duration
as for the MIC vials. MBC was interpreted as the
lowest concentration showing no visible colony for-
mation on agar plates after incubation, indicating
complete bactericidal activity.

3 Results and discussion

3.1 UV-visible spectroscopy

While commercial Yashad and Vanga Bhasma
showed UV-visible absorption peaks at 347 nm and
290 nm, respectively [28], the UV—visible spectra re-
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vealed a distinct surface plasmon resonance (SPR)
absorption peak at 374 nm for SYB (Figure 2(A))
and 310 nm for SVB (Figure 2(C)). These find-
ings are consistent with previous reports on green-
synthesized ZnO nanoparticles exhibiting SPR, ab-
sorption at 374 nm [29] and biosynthesized SnOq
nanoparticles showing an absorption band around
275 nm [30]. The optical direct band gap energies,
estimated using the Tauc plots, were determined to
be 3.8 eV for SYB (Figure 2(B)) and 3.33 eV for
SVB (Figure 2(D)). The observed SPR peaks and
corresponding band gap energies are attributed to
the intrinsic band-gap transitions of ZnO and SnO,
arising from electron excitations from the O%~ (2p)
valence band to Zn (3d) and Sn (3d) conduction
bands, respectively, confirming the presence of ZnO
and SnO; nanoparticles [29, 30].
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Figure 2: UV-visible spectrum and corresponding Tauc plot of SYB (A and B) and SVB (C and D).

3.2 FTIR spectroscopy

In the FTIR spectrum of SYB (Figure 3(A)), char-
acteristic absorption bands were detected at ap-
proximately 3865, 3721, 2981, 2323, 1544, 1070,
and 421 cm~!. Consistent with the previous litera-

ture [28,29,31], the bands near 3865 and 3721 cm !
correspond to O—-H stretching vibrations of pheno-
lic hydroxyl groups, while the weak band at 2981
cm~! is attributed to C-H stretching vibrations of
alkanes. The absorption near 2323 cm™! may be
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attributed to primary and secondary amine groups;
however, this region is also commonly associated
with COs-related absorption bands, whereas the
band at 1544 cm~! is assigned to N-O asymmetric
stretching of nitro compounds. The peak observed
at 1070 cm~! corresponds to C—OH stretching vi-
brations, while the prominent peak at 420 cm~!
is associated with Zn-O stretching vibrations [29].
These findings suggest the presence of metabo-
lites such as alkaloids, flavonoids, polyphenols,
amino groups and carboxylic acids adsorbed on

95 (A) | FTIR spectrum of SYB|
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= 7549
g
—
704
65 421
T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm'])

ZnO nanoparticle surface.

Similarly, the FTIR spectrum of SVB (Figure 3(B))
displayed absorption bands around 1449, 1114, 605
and 459 cm~!. In agreement with the previous lit-
erature [28,30], the band at 1449 cm~! corresponds
to C==C stretching of alkenes, while the absorp-
tion at 605 cm~! is assigned to O-Sn-O stretching
vibrations. The peak at 459 cm ™! represents Cu-O
stretching, indicating trace CuO nanoparticle im-
purities 28,30, 31].

L (B)

‘ FTIR spectrum of SVB

100

90

80

70

60

Transmittance (%)

50

40

459
L

1 1 1 1 | |

3500 3000 2500 2000 1500 1000

30
4000 500

Wavenumber (cm")

Figure 3: FTIR spectra of SYB (A) and SVB (B).

3.3 XRD analysis

The XRD pattern of SYB (Figure 4(A)) revealed
peaks at 26 values of 32.0°, 34.6°, 36.4°, 47.7°,
56.7°, 63.0° and 68.1° corresponding to the diffrac-
tion from Miller indices planes (100), (002), (101),
(102), (110), (103) and (112), respectively. The
planes match the hexagonal phase having a wurtzite

structure of ZnO (JCPDS card no.: 89-7102). This
pattern is also in agreement with the XRD pattern
of green synthesized ZnO nanoparticles and Yashad
Bhasma reported in the earlier literature [10,29,32].
The average crystallite size of SYB samples, calcu-
lated using Scherrer’s equation (D = KA/8 cosf),
was 20.23 nm (Table 1).

Table 1: Calculation of average crystallite size of SYB using Scherrer’s equation

K A 20 FWHM g (radian) Crystallite size (D) Average D (nm)
0.94 0.15406 32.0 0.4 0.006981 21.58 20.23
0.94 0.15406 34.6 0.4 0.006981 21.73
0.94 0.15406 36.4 0.4 0.006981 21.84
0.94 0.15406 47.7 0.5 0.008727 18.14
0.94 0.15406 56.7 0.5 0.008727 18.86
0.94 0.15406 63.0 0.5 0.008727 19.46
0.94 0.15406 68.1 0.5 0.008727 20.03

Similarly, the XRD pattern of SVB (Figure 4(B))
revealed peaks at 20 values of 26.6°, 33.9°, 38.0°,
51.8°, 54.8°, 61.9°, 64.8° and 66.0° correspond-
ing to the diffraction from Miller indices planes
(110), (101), (200), (211), (220), (311), (301) and
(321) planes respectively. The diffraction pattern
corresponds to the tetragonal rutile structure of

SnO2 nanoparticles (JCPDS card no.: 96-210-
4744). This pattern is consistent to the XRD
pattern of biosynthesized SnO, nanoparticles and
vanga bhasma reported in the previous literature
[10,30]. The average crystallite size of SVB samples,

calculated using Scherrer’s equation, was 38.17 nm
(Table 2).
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Figure 4: X-Ray Diffractogram of SYB (A) and SVB (B).

Table 2: Calculation of average crystallite size of SVB using Scherrer’s equation

K A 20 FWHM 73 (radian) Crystallite size (D) Average D (nm)
0.94 0.15406 26.6 0.2 0.003491 42.63 38.17

0.94 0.15406 33.9 0.2 0.003491 43.37

0.94 0.15406 38.0 0.2 0.003491 43.88

0.94 0.15406 51.8 0.3 0.005236 30.75

0.94 0.15406 54.8 0.2 0.003491 46.73

0.94 0.15406 61.9 0.3 0.005236 32.25

0.94 0.15406 64.8 0.3 0.005236 32.76

0.94 0.15406 66.0 0.3 0.005236 32.98

3.4 Raman spectroscopy

The Raman spectrum of SYB (Figure 5(A)) exhib-
ited prominent and sharp peaks at 198.6, 326.8,
433.6, and 569.2 cm ™!, indicative of its crystalline
As reported in the previous literature,
the peak at 433.6 cm™! corresponds to the E,
(high) mode of ZnO, a characteristic feature of the

nature.
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1

cm™ - are attributed to low—energy stretching and
bending vibrational modes of Zn-O lattice, whereas
the intense peak at 569.2 cm~! is assigned to the
E;(LO) mode, suggesting the presence of oxygen
vacancies and associated structural imperfections

[33].
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Similarly, the Raman spectrum of SVB (Figure
5(B)) displayed prominent peaks at 473.9, 632.7
and 774.2 cm™!, also confirming its crystalline na-
ture. Consistent with the previous literature [34],

these peaks are assigned to Eg, A1, and By, vibra-
tional modes of SnO,, which are characteristic of
the tetragonal rutile SnO, structure.
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Figure 6: FESEM image of SYB (A) and SVB (B), and EDX report of SYB (C) and SVB (D).

3.5 FESEM and EDX analysis

As depicted in Figures 6(A) and (B), the SEM-
EDX report of SYB demonstrated rough texture,
granular and porous morphology with agglomerated
structure, consisting of 61.8% zinc and 21.6% oxy-
gen along with 13% carbon and traces of nitrogen,
aluminum, calcium, copper, and tin. This result is
in good agreement with XRD and Raman results
of the SYB sample, which confirms the presence of
crystallite zinc oxide particles in the sample. Sim-
ilarly, the SEM-EDX report of SVB (Figure 6(C)
and (D) also displayed rough texture and porous

morphology with agglomerated structure, consist-
ing of 73.8% tin and 13.8% oxygen along with 4.1%
carbon, 2.9% calcium and traces of magnesium, alu-
minum, silicon, phosphorus, sulphur, iron, copper
and zinc. This result is in good agreement with
XRD and Raman results of SVB sample, confirm-
ing the presence of crystalline tin oxide particles.

3.6 FETEM analysis

As shown in Figures 7(A) and (B), the FETEM im-
age of SYB reveals a circular agglomeration of ir-
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regularly shaped particles with a size ranging from
15.04 to 25.73 nm. The average particle size distri-
bution of SYB is 21.3 nm. Similarly, FETEM image
of SVB (Figure 7(C) and (D)) shows a flower-like
agglomeration of irregularly shaped particles with
particle size ranging from 31.72-52.31 nm. The av-

erage particle size distribution of SVB is 38.5 nm.
The close agreement between TEM particle sizes
and XRD crystallite sizes of SYB and SVB indicates
that the particles are predominantly single crystal-
lites, with minimal agglomeration at the level of
primary particles.
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(B) 21.3nm

100« nm

20

Size (nm)

18

Count

Particle size distribution of SVB

(D)

40
Size (nm)

Figure 7: FETEM image and size distribution

3.7 Antimicrobial analysis

The inhibition zones produced by SYB and SVB
against wound-associated pathogens, Bacillus sub-
tilis and Staphylococcus epidermidis, at a test con-
centration of 100 mg.mL~! are displayed in Fig-
ure 8. SYB produced an inhibition zone of size
11.00£0.3 mm and 11.34£0.3 mm against B. sub-
tilis and S. epidermis, respectively. The inhibition
zone observed for SYB indicates its significant an-
tibacterial potency, which can be attributed to its
small size, high surface-to—volume ratio, and the
presence of organic components. The release of
Zn?t ions and generation of reactive oxygen species
(ROS) such as Oy by SYB are likely to dam-
age bacterial cell membranes and disrupt bacte-
rial metabolism [35]. Although Vanga Bhasma is

4 Conclusion

Yashad Bhasma (Zinc calx) and Vanga Bhasma
(Tin calx) were prepared by following traditional

pattern of SYB (A and B) and SVB (C and D).

reported to show antimicrobial effect against bac-
teria such as S. aureus and E. coli [14], SVB in
this research did not show any activity against B.
subtilis and S. epidermidis. It may be likely due
to inadequate incineration during its preparation
or inadequate concentration of the test solution
prepared during the antimicrobial test. The MIC
of the samples against both pathogens could not
be interpreted due to the turbidity of the test so-
lutions, while MBC values provide significant in-
sight into the bactericidal efficacy of the samples.
SYB displayed MBC values ranging between 12.5—
25 mg.mL~! for both pathogens, which can be at-
tributed to the presence of ZnO nanoparticles and
are comparable to the reported MBC values of ZnO
nanoparticles towards B. subtilis (19.53 mg.mL~1)
[36] and S. epidermidis (7.81 mg.mL~1) [37].

Ayurvedic processing techniques mentioned in
"Rasashastra", and their physicochemical and an-
timicrobial properties were evaluated using modern
analytical tools. UV-visible spectroscopy revealed



Bimal Rajchal et al./ BIBECHANA 23 (2) (2026) 157-168

166

surface plasmon resonance peaks at 374 nm for YB
and 310 nm for VB, with optical band gap ener-
gies of 3.8 and 3.33 eV, respectively. FTIR and
Raman spectra confirmed the presence of metal-
oxygen bonds along with organic groups in both
the Bhasmas.

XRD analyses confirmed the crystalline wurtzite
ZnO structure of YB and the rutile SnO5 struc-
ture of VB. SEM-EDX micrographs of YB revealed
rough, granular, and porous agglomerates rich in
ZnO with 61.8% zinc and 21.6% oxygen, along with
13% carbon, while those of VB showed porous ag-
glomerates of SnO, with 73.8% tin and 13.8% oxy-

ZOI against Bacillus subtilis

gen, along with 4.1% carbon. TEM images showed
circular agglomerates (~21.3 nm) in YB and flower—
like agglomerates (~38.5 nm) in VB. These results
elucidate that the traditional Ayurvedic processing
techniques are not only efficient at reducing the par-
ticle size to the nanoscale level but also transform
raw metal to metal oxide nanoparticles. Antimicro-
bial assays demonstrated notable inhibitory activ-
ity of YB, showing stronger effects against wound
pathogens B. subtilis and S. epidermidis, support-
ing its potential relevance in biomedical sectors.
However, further detailed in vitro and in vivo stud-
ies are required to validate their therapeutic appli-
cability.

Ve OF2/£2 07N
i v

! Pt
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10meg

ZOI against Staphylococcus epidermidis

Figure 8: Antimicrobial action of SYB and SVB towards B. subtilis (A) and S. epidermidis (B).
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