
Bulgarian Chemical Communications, Volume 58, Issue 1 (pp. 74-84) 2026 DOI: 10.34049/bcc.58.1.5670 

74 

Comparative account of biosynthesized zinc oxide nanomaterials from Cassia tora 

for biomedicament 

S. A. Gaikwad1,2*, E. Khatiwora3, V. Adsul3, R. Torane1,2 V. R. Uttam Pandit4, M. Parthibavarman5 

1 Dr. T. R. Ingle Research Laboratory, Department of Chemistry, S. P. College (Autonomous), Pune-30, India 
2 Department of Chemistry, S.P. College Pune, 411030 India 

3 Bharati Vidyapeeth (Deemed University) Department of Chemistry, Yashwantrao Mohite College of Arts, Science and 

Commerce, Kothrude, Pune-38, India 
4 Department of Chemistry, The Poona Gujarati Kelvani Mandal’s Haribhai V. Desai College, Pune 411002, India 

5 PG and Research Department of Physics, Chikkaiah Naicker College, Erode, Tamilnadu, 638004 India 

Received: September 11, 2025; Revised: October 31, 2025 

Bio cordial and attuned methodologies were replenished by natural extracts of Cassia tora (CT) as efficient stabilizers 

that prevent an increase in size of zinc oxide nanoparticles. The bioactive metabolites present in the aqueous extracts of 

stem and flower of plant cassia tora improve the biocompatibility and non-toxicity during conversion of metal ions to 

nanoparticles with zinc acetate at room temperature to form a white suspension of ZnO NPs by maintaining constant pH. 

Biosynthesized nanoparticles were confirmed by XRD, SEM, EDX, and FTIR techniques. X-ray diffraction results 

revealed a hexagonal wurtzite structure and SEM analysis showed different morphology, size, and shape. Elemental 

composition was confirmed by EDX analysis and chemical bond formation of ZnO NPs - by FTIR study. The in-vitro 

free radical scavenging activity of Ct-ZnO NPs by DPPH assay showed inhibitory concentration (IC50) of 24.31 ± 0.03 

μg/ and 42.22 ± 0.03 μg/mL for Cts-ZnO NPs and Ctf-ZnO NPs, respectively. Antibacterial and antifungal activity showed 

effective inhibition against three bacteria: Staphylococcus albus (NCIM2178), Proteus mirabilis (NCIM2388), 
Lactobacillus and three fungi: Candida albicans (NCIM3100), Penicillium chrysogenum (ATCC709), Aspergillus niger 

(ATCC504). It was observed that a cluster of rods with flower extract of ZnO NPs and flat thin-layered oval shaped 

structure was formed with deposition of particles of stem extract of ZnO NPs. The in-vitro free radical scavenging activity 

of Ct-ZnO NPs, Cts-ZnO NPS and Ctf-ZnO NPs imparts use in biomedical field. Effective inhibition of antibacterial and 

antifungal activity definitely provokes to carry out further cell line study. Biomedical application against tooth decay was 

evaluated by the antibacterial activity against S. mutans (ATCC25175). S. mutans activity of Cts-ZnO NPs exhibited 

noteworthy activity compared to Ctf-ZnO NPs which may be due to increased surface area. This study provides a wide 

window in the prevention of dental caries. 
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INTRODUCTION 

Nanomaterials are particles at the nanoscale, 
which have a great impact on applications as small 

size and large surface area availability enhance 

catalytic, optical, chemical, and thermal activity [1]. 

Various reports on antimicrobial activity of human 
pathogens open up a window for NPs started being 

considered as nano antibiotics [2]. Two clear 

approaches have been suggested for nanoparticle 
synthesis: The top–down approach is costly and slow 

as it involves synthesis of large-scale particles 

reduced to nano size [3]. Till now, various methods 
were reported for the preparation of ZnO NPs as sol-

gel, precipitation, spray pyrolysis, microwave-

assisted reaction, chemical vapor deposition, 

ultrasonic condition [4–10].  
These methods involve toxic chemicals which 

may lead to risk. Biosynthesis of nanoparticles is an 

approach   of   synthesizing   nanoparticles    using 

microorganisms and plants having biomedical 

applications. This one-step easy approach is 
environment-friendly, cost-effective, biocompatible, 

safe, and green [11]. Reported green synthesis 

involves the use of  plants, bacteria, fungi, algae, etc. 

They allow large-scale production of NPs free of 
impurities [12]. Plant parts like roots, leaves, stems, 

seeds, fruits have also been utilized for NPs 

synthesis as their extracts are rich in phytochemicals 
which act as both reducing and stabilizing agents 

[13–19]. 

Synthesis of NPs from inorganic metal oxides 
such as TiO2, CuO, and ZnO pull maximum interest 

in recent studies. Among them, ZnO NPs are of 

special interest because they are inexpensive to 

produce, safe and easy to prepare [20–27]. US FDA 
has enlisted ZnO as a GRAS (generally recognized 

as safe) metal oxide [28]. ZnO NPs exhibit 

tremendous applicability to mankind [29–36]. 
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Green synthesis of ZnO NPs with Cassia fistula, 

Trifolium pratense, Ocimum basilicum and Laurus 

nobiis [37–48] 

 Cassia tora (Leguminosae) is a wild weed 

growing in most parts of India. In Ayurveda, this 

plant is used as laxative, antiperiodic, anthelmintic, 
ophthalmic, liver tonic, cardiotonic medicament, 

also useful in leprosy, ringworm, dyspepsia, 

constipation, cough, bronchitis, cardiac disorders 
[49, 50].  

The objective of this work was to explore the 

structural and biomedical properties of 

biosynthesized ZnO NPs from an aqueous extract of 
Cassia tora flowers and stems along with zinc 

acetate as precursor. 

MATERIALS AND METHOD 

Materials 

Medicinal plant species Cassia tora was 

collected from Western Pune Maharashtra, India. It 
was authenticated by the Botanical Survey of India, 

Pune (Maharashtra) with authentication number of 

Cassia tora BSI/WC/Cert/2015/SG01. The 

precursors zinc acetate and sodium hydroxide were 
provided from Merck India.  

Preparation of flower and stem extract and 

synthesis of zinc oxide nanoparticles 

Biogenic way to synthesize Ct-ZnO 

nanoparticles involves 2 g of air shade-dried 

powdered plant material of 100 mesh size stored at 

room temperature in an air-tight container utilizing 
separately stem and flower in 50 ml of distilled water 

boiled for 20 min. This extract was allowed to cool 

and then filtered. 0.1 g of semisolid extract in 20 ml 
of distilled water was utilized for synthesis of zinc 

oxide nanoparticles as prescribed previously [37]. 

Twenty ml of 0.2 M zinc acetate was added to 20 
ml of extract (0.1g/20ml) at room temperature, to 

this solution 0.4 M NaOH (approx. 9-10 ml) was 

added till pH 12 controlled using a calibrated pH 

meter. This blend was stirred with a magnetic stirrer 
at room temperature 25 ± 2 °C for 2 h, which resulted 

in the formation of a white suspension. The product 

was then centrifuged at room temperature 25 ± 2 °C 
at 5000 rpm for 20 min, washed with distilled water, 

filtered and kept overnight at 60°C in an oven. The 

product was stored in an air-tight container for 
further work. 

Characterization of green-synthesized Ct-ZnO 

nanoparticles 

Crystallinity of green-synthesized Ct-ZnO was 
observed on an X-ray advanced diffractometer (SC-

XRD) with CuKα microfocus, Mo fine focus 

radiation was recorded at 2 theta angles from 200 to 

800. Perkin Elmer Spectrum 100 FTIR spectrometer 
was used in absorbance mode from 4000 to 400 cm-

1 with resolution of 0.5 cm-1 onwards. An overlay of 

FTIR spectra of synthetically prepared ZnO 
nanoparticles along with green-synthesized 

nanoparticles imparts role of reducing agents as 

biomolecules from extract. Morphological and 
qualitative, as well as quantitative elemental 

mapping analysis was accomplished with a field 

emission scanning electron microscope (FESEM-

Nova Nano SEM 450) connected with an energy 
dispersive X-ray spectroscope (EDS-Bruker XFlash 

6130) with excellent energy resolution having 123 

eV at MnKα and 45eV at CKα. The 
spectrofluorometric study was carried out on a 

Shimadzu RF-5301 spectrofluorometer at room 

temperature at excitation wavelength of 325 nm.  

Free radical scavenging activity study 

Free radical scavenging activity [51] of green-

synthesized ZnO nanoparticles from an aqueous 

extract of Cassia tora was studied to examine the 
ability to neutralize the 2, 2-diphenyl-1-

picrylhydrazyl (DPPH) radical. Various 

concentrations of Ct-ZnO nanoparticles (50, 100, 
150, 200, 250, 300 μg/mL) were further diluted with 

methanol to a final volume of 3 ml. To this mixture 

0.15 ml of freshly prepared DPPH solution (100 μM) 

was added, stirred and kept at room temperature 
(27°C) for half an hour in dark. The control utilized 

was DPPH and negative control was methanol. 

When antioxidants from the sample react, there is a 
change in color from purple to yellow. Decrease in 

absorbance was the measure for capacity reduction 

of DPPH radical. Absorbance was noted by using 
UV-VIS spectrophotometer at 517 nm.  

The free radical scavenging potential was 

calculated as follows: 

Scavenging activity (%) = {(Control abs.—Sample 

abs.)/Control abs} × 100 

The experiments were performed in triplicate and 

records reported as mean % antiradical activity ± 

SD. IC50 values were calculated from the plotted 

graph of scavenging activity against the 
concentrations of the samples. IC50 is defined as the 

total antioxidant essential to reduction of initial 

DPPH radical by 50%. Linear straight-line equation 
was utilized to calculate IC50 for all ZnO NPs 

samples based on the percentage of DPPH radicals 

scavenged. Reference standard as positive control 
utilized was ascorbic acid with concentrations of 50 

to 500 μg/ml per assay.  
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Antimicrobial activity 

Plant extracts along with Ct-ZnO nanoparticles 

were subjected to antimicrobial assay by the agar 
well diffusion method according to the National 

Committee for Clinical Laboratory Standards 

(NCCLS) [52]. The extracts were dissolved in 
dimethyl sulfoxide (DMSO) with different 

concentrations and inspected for antimicrobial 

activity using three bacteria: Staphylococcus albus 
(NCIM2178), Lactobacillus (isolate from Bhide 

Foundation), Proteus mirabilis (NCIM2388) and 

three fungi Penicillium chrysogenum (ATCC709), 

Aspergillus niger (ATCC504), Candida albicans 
(NCIM3100). Further, the highly potent oral 

microflora bacterium S. mutans (ATCC25175) was 

scanned for biosythesized ZnO NPs. Potato dextrose 
agar and Muller Hinton agar plates were prepared by 

pouring 20 ml of each in sterile Petri plates for fungal 

and bacterial assay, respectively, and allowed to 
solidify. Standard cultures of each organism were 

poured by sterile glass rods to grow in nutrient broth 

freshly during the assay. DMSO was used as a 

negative control. The concentration of sample 
utilized was 3.35 mg/ml and 5 µl of it was used for 

the study. The positive control utilized was 

streptomycin 100 µg/mL as a standard. At the end of 
the incubation period of 24-48 h at 37°C for bacteria 

and 48-72 h at 20°C for fungi, the inhibition zones 

were observed in mm. The experiments were carried 

out in triplicate. 

Antimicrobial assay against S. mutans 

• Selection of patients 
Inclusion criteria: Patients with mixed dentition 

period of 6 – 12 years DMFT/dmft 4/>4 & having 

good general health. (Revised WHO criteria 2003). 
Exclusion criteria: Patients having H/o antibiotic 

therapy use of chemical anti-plaque agents prior to 6 

months of study initiation. 

• Method of saliva collection and storage: 
The subjects’ informed consent was taken prior to 

collection of saliva. The subjects were told to sit 

upright and rinse with water, saliva was allowed to 

accumulate in the floor of the mouth for 
approximately 2 min. Then the saliva was spit in a 

sterile funnel and was collected in a sterile vial. The 

method was followed to collect samples with 3 ml in 
an early morning time. Then the samples were 

diluted in sterile vials containing 1 ml of normal 

saline and utilized to inoculate on agar plates. The 
antimicrobial assay was performed as described 

above.  

RESULTS AND DISCUSSION 

Characterization of ZnO-NPs by X-ray diffraction 

Biosynthesized ZnO NPs clearly indicate 

crystalline structure by XRD (Figs. 1 & 2).  

 

Fig. 1. XRD of ZnO NPs prepared from stem extract of Cassia tora (Cts-ZnO NPs) 



S. A. Gaikwad et al.: Account of biosynthesized zinc oxide nanomaterials from Cassia tora for biomedicament 

77 

 

Fig. 2. XRD of ZnO-NPs prepared from flower extract of Cassia tora (Ctf-ZnO NPs) 

Sharp diffraction peaks are observed at 2𝜃 

values at 25.86°, 31.70°, 35.04°, 38.28°, 49.08°, 

61.42°, 65.78°, 68.00°. The observed peaks are 
indexed with Miller indices as (100), (002), (101), 

(102), (110), (103), (112) and (201) endorsed as 

hexagonal wurtzite phase of ZnO. These peaks are 
in accordance with diffraction data (JPCDS card 

number: 36-1451) [53, 54]. The presence of some 

unsigned small peaks may be due to bioorganic 
compounds. The average particle size of 

biosynthesized Cts-ZnO NPs and Ctf-ZnO NPs 

was calculated by Debye-Scherrer [55] formula 

(1): 

 𝑑=0.89𝜆/𝛽cos𝜃,                                              (1) 

where 0.89 is Scherrer’s constant, 𝜆 is the 

wavelength of X-rays, 𝜃 is the Bragg diffraction 

angle, and 𝛽 is the full width at half-maximum 
(FWHM) of the highest diffraction peak 

corresponding to plane (101). The details of XRD 

analysis are displayed in Table 1. 

Table 1. XRD analysis details of biosynthesized 

ZnO NPs 

Samplea  d-Spacing 

(Å) 

FWHMb Calculated 

particle 

size (nm) 

Cts-ZnO 

NP 

3.4424 0.329 24.16 

Ctf-ZnO 

NP 

3.4268 0.094 84.57 

a Biosynthesized ZnO NPs from Cassia tora aqueous 

extract of stem and flower; bFull width at half maximum 

FESEM and EDAX analysis 

 Morphological characteristics of green-

synthesized ZnO-NPs from Cassia tora stem and 

flower extracts were studied by field emission 

scanning electron microscopy (FESEM). SEM 

images under high magnification clearly suggest 

that particles separation is good enough and 

particle size is in μm-range forms of Ctf-ZnO NPs 
as clusters of rod-shaped nanoparticles (Figs. 3, 

3a). This accumulation is due to polarity and 

electrostatic attraction. Flat thin-layered oval-
shaped structure was observed with particle 

deposition with weak physical force (Figs. 4, 4a) 

in Cts-ZnO NPs.  
EDAX confirmed the presence of elements in 

both ZnO. Figs. 3a & 4a show the elements 

responsible for chemical reduction of Zn2+ in ZnO-

NPs. Corresponding spectrum shows a strong 
intense peak signal of ZnO nanoparticles at 15 keV 

to the SPR absorption band for Ctf-ZnO-NPs 

biofabricated from flower extract. Green-
synthesized Cts-ZnO-NPs from stem extract show 

intense peak signal. Occurrence of carbon and 

oxygen elemental peaks influences the 
biomolecules present in the extract while presence 

of nitrogen can be assigned to amine 

functionalization as a capping agent over the 

surface of nanoparticles. Elemental analysis of 
ZnO-NPs (Tables 2 & 3) confirms the good 

agreement between Zn and O. 

Table 2. Elemental analysis of Cts-ZnO NPs 

Element Series Weight % Atomic % 

O K 45.20 16.79 

Zn K 54.80 83.21 

Total  100.00 100.00 

Table 3. Elemental analysis of Ctf-ZnO NPs 

Element Series Weight % Atomic % 

O K 47.43 78.66 

Zn L 52.57 21.34 

Total  100.00 100.00 
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3 

3a 

 

Fig. 3. FE-SEM and Fig. 3a EDX of synthesized Cts-ZnO NPs  

4 

4a 

Fig. 4. FE-SEM and Fig. 4a.  EDX of the synthesized Ctf-ZnO NPs  
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Fluorescence study 

The XRF spectrum at excitation wavelength 325 

nm, shown in Fig. 5, presents the elemental 
composition profile of the synthesized ZnO 

nanoparticles. The spectrum exhibits all 

characteristic emission peaks at 425, 450, 475, 525, 
615 nm. The blue emission peak at 425 nm may be 

due to Zn interstitial defects, the strong blue 

emission at 450 nm and the weak blue green 
emission at 475 nm may be due to oxygen vacancy 

defects formation. Green fluorescence at 525 nm 

may be due to antisite defect [56].  

Fig. 5. Comparative fluorescence spectra of the 

prepared Ctf-ZnO NPs & Cts-ZnO NPs 

Enhanced visible emission in fluorescence 

spectra from green synthesized Cts-ZnO NPS and 

Ctf-ZnO NPs shows higher surface defect density 
correlating to their superior antimicrobial 

performance, The intense signal at 450 nm strongly 

suggests that ZnO nanoparticles are the major 
components of which the flower extract from Cassia 

tora plant was synthesized. 

Infrared spectroscopy 

The fundamental FTIR reveals the role of 

phytoconstituents in generation of Zn2+ ion 

nanoparticles. An overlay of FTIR spectra of Cts-

ZnO-NPs and Ctf- ZnO NPs (Fig. 6) was 
comparatively studied from 500 to 4000 cm-1. The 

peaks observed near 440 cm-1, 516 cm-1and 650 

cm-1 impart stretching and vibration of ZnO NPs. 
The broad absorption peaks at 3122 cm-1, 3082 cm-

1 3591 cm-1, and 3483 cm-1 can be assigned to the 

hydroxyl group stretching. The absorbance peaks at 
2887 cm-1, 2835 cm-1 indicate CH stretching 

vibration of CH3 and CH2 from lipids. The peaks at 

1377 cm-1 and 1346 cm-1 are referred to CH 

stretching of aromatic amines and those at 650 cm-1, 
673 cm-1 are accountable to CH bending in alkynes. 

C–N bonds vibrate at 1022 cm-1. The spectral 

overlay imparts presence of protein and other 
ligands responsible for the formation and 

stabilization of ZnO NPs. 

 

 

 

Fig. 6. Overlap of IR spectra of Cts ZnO Nps and Ctf ZnO NPs 

 

  

200 300 400 500 600 700 

0 

100 

200 

300 

400 

500 

 

 

 F
lu

o
re

sc
e
n

c
e 

 i
n

te
n

si
ty

  a
.u

. 

 Wavelength 

nm 

  
  

 Ctf ZnO Nps 

Cts ZnO Nps 
   

  

500750100012501500175020002500300035004000
1/cm

-20

0

20

40

60

80

%T

3
4
8
3
.5

6

3
0
1
4
.8

4

2
8
8
7
.5

3
2
8
3
5
.4

5

2
6
0
0
.1

3

2
5
0
9
.4

7

2
1
6
4
.2

0

1
5
6
4
.3

2
1
5
2
3
.8

2

1
4
1
5
.8

0
1
3
7
7
.2

2

1
2
1
7
.1

2

1
0
8
2
.1

0

1
0
2
2
.3

1

9
2
5
.8

6

8
6
0
.2

8

8
0
8
.2

0

6
7
3
.1

8
6
5
0
.0

3

5
1
6
.9

4

4
2
4
.3

5

3
5
9
1
.5

7

3
1
2
2
.8

6
3
0
8
2
.3

5

2
8
3
5
.4

5

2
3
6
2
.8

8
2
3
3
7
.8

0

1
5
5
8
.5

4

1
4
1
9
.6

6 1
3
4
6
.3

6 9
2
5
.8

6

8
4
2
.9

2

6
7
3
.1

8
Smooth

Linear Baselinecorrection

ZNN

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4890195/figure/f0015/


S. A. Gaikwad et al.: Account of biosynthesized zinc oxide nanomaterials from Cassia tora for biomedicament 

80 

Antioxidant activity of ZnO nanoparticles 

Fig. 7. Comparative antioxidant potential of ZnO NPs. 

DPPH assay easily imparts free radical 

scavenging activity [57]. The IC50 values of Ct-

ZnO NPs are tabulated (Table 4).  

Table 4. DPPH IC50 values of synthesized ZnO-NPs 

IC50 value of ascorbic acid was found to be 

29.11 ± 2.35 μg/mL. As the concentration increased 

from 50 to 300 µg/mL (Fig. 7), the percentage of 

radical scavenging progressively revealed a 
concentration-dependent increase in antioxidant 

activity for both ZnO nanoparticle samples. Among 

the two samples, CTF-ZnO nanoparticles exhibited 
higher antioxidant activity compared to CTS-ZnO 

across all concentrations. This suggests that the CTF 

extract-mediated synthesis produced nanoparticles 
with greater surface reactivity, likely due to the 

presence of phytochemicals acting as capping and 

reducing agents. The observed difference may also 

be attributed to variations in particle size, surface 

area, and defect density, which influence electron 

transfer processes as aligned with results from 

structural study. Thus, the enhanced DPPH 
scavenging efficiency of CTF-ZnO indicates its 

superior capacity to act as antioxidant, making it a 

promising candidate for biomedical and catalytic 
applications where oxidative stress mitigation is 

desired. 

Antimicrobial activity 

Plant extracts medicated with ZnO NPs 

exhibited good antimicrobial and antifungal 

activity [58]. Antimicrobial activity was 

determined on two g of positive strains 
Staphylococcus albus and Lactobacillus and one g 

of negative Proteus mirabilis of the prepared ZnO 

NPs, as well as plant extracts of stem and flower 
utilizing streptomycin as a standard. Maximum 

zone of inhibition accounted for minimum 

inhibitory concentration. The concentration of 
sample utilized was 3.35 mg/ml and 5 μl of it were 

used for the study shown in Table 5.  

Table 5. Average zones of inhibition of C. tora extracts and ZnO-NPs against microbial strains   

S.No Sample name* A A.I. B* A.I. C* A.I. 

1 Cts Me - - 11.2   - - 

2 Cts Ac 8.5 0.435 7.2 0.36 - - 

3 Ctf Ac 9.8 0.502 - - - - 

4 Ctf Me 7.2 0.369 - - - - 

5 Ctf ZnO-NPs 9.75 0.5 11.75 0.587 - - 

6 Cts ZnO-NPs 11.2 0.574 11.5 0.575 10.8 0.54 

7 Std. (100μg/ml) 19.5 N.A. 20 N.A. 20 N.A. 

8 
Solvent 

Nil N.A. Nil N.A. Nil N.A. 
DMSO 

A: Proteus mirabilis (NCIM2388); B: Lactobacillus (isolate from Bhide Foundation); C: Staphyllococcus albus 

(NCIM2178); *Concentration of the sample-3.35mg/ml; *A.I.=Activity Index (A.I.=Zone of inhibition of sample/ zone 

of inhibition of the std.) 

Method IC50 values 

Cts-ZnO NPs Ctf-ZnO NPs 

DPPH assay 24.31±0.03  42.22 ±0.03 
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Table 6. Average zone of inhibition of C. tora extracts and ZnO-NPS against fungal strains   

S.No Sample name* D* A.I. E* A.I. F* A.I. 

1 CtsMe 10.8 0.36 9 0.36 7 0.233 

2 CtsAc 13.5 0.45 11.5 0.383 7.2 0.24 

3 CtfAc 13.75 0.458 - -- - -- 

4 CtfMe 13 0.43 8.6 0.344 9.25 0.308 

5 CtfZnO-NPs 10.5 0.35 13 0.52 10 0.333 

6 CtsZnO-NPs 10.3 0.342 8.33 0.333 10.2 0.34 

7 

Std. 

Streptomycin 

(100μg/ml) 

30 N.A. 25 N.A. 30 N.A. 

8 Sol. DMSO Nil N.A. Nil N.A. Nil N.A. 

D: Candida albicans (NCIM3100); E: Penicilium chrysogenum (ATCC709); F: Aspergillus niger (ATCC504); 

*Activity Index (A.I.=Zone of inhibition of sample/ zone of inhibition of the std.) 

Cts-ZnO NPs are active and show maximum 

zone of inhibition against all the three bacteria 

compared to Ctf-ZnO NPs against Lactobacillus 

and P. mirabilis. Green-synthesized ZnO-NPs 
were effective against microorganisms and this 

activity depended upon the magnitude of ZnO-

NPs. In addition to smaller size, geometric shapes 
may facilitate greater surface reactions with the 

target bacteria [59], as flat layered pentagonal 

structure of Cts-ZnO NPs inhibits good activity 
compared to biosynthesized Ctf-ZnO NPs. Further 

minimum inhibitory concentration studies for Cts-

ZnO NPs showed 187.5 g/ml for P. mirabilis while 

750 g/ml for Lactobacillus and S. albus. 

Antifungal activity 

Antifungal activity study of the prepared ZnO 

NPs along with plant extracts was tested at 3.35 
mg/ml against 3 g of positive bacteria Penicillium 

chrysogenum, Aspergillus niger and Candida 

albicans and Fluconazole (100 g/ml) was used as 

a standard as reported in Table 6. All prepared ZnO 

NPs inhibited the fungal growth. Ctf-ZnO NPs 
showed maximum zone of inhibition with activity 

indices of 0.520 against P. chrysogenum and 0.350 

against C. albicans. Cts-ZnO NPs exhibited potent 
activity under similar conditions with maximum 

zone of inhibition 0.340 against A. niger. There is 

possibility of creating pores at the cell wall to 
cause membrane damage caused by direct or 

electrostatic interaction between ZnO and cell 

surfaces, cellular internalization of ZnO 

nanoparticles, and production of active oxygen 
species such as H2O2 in cells due to metal oxides, 

as reported in earlier studies [60].  

Antimicrobial assay against human salivary micro 

flora 

Dental decay is a chemico-parasitic process in 

which oral microorganisms play a very pivotal 
role. Plant extracts, as well as phytoconstituents 

exhibit prevention of dental plaque and dental 

caries [23-29]. S. mutans is a Gram-positive 
bacterium having significant contribution towards 

tooth decay, hence antimicrobial study against the 

highly potent oral micro flora bacterium S. mutans 
was scanned from 100 to 600 µg/ml. Reported 

study for the mechanism of action: Zn2+ diffusion 

into a biofilm and a decrease in the rate of plaque 

growth [61] definitely supports the present study. 
As reported earlier, the size, morphology and 

composition of ZnO NPs have a great impact on 

microbial inhibition [62-65]. Both ZnO NPs 
prepared by green synthesis show high potency 

against S. mutans (Fig. 8).  

 

Fig. 8. Antimicrobial activity against S. mutans. 
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NPs. The biosynthesized ZnO NPs can explore 

the application in the era of oral health for dental 

plaque, caries sensors of human as a 
medicament. Further findings for specific age 

groups are in process. 

CONCLUSIONS 

Green synthesis of ZnO nanoparticles was 

easily carried out using aqueous extracts of the 

medicinal plant Cassia tora utilizing flower and 
stem parts. The prepared ZnO nanoparticles were 

characterized by various spectroscopic and 

imaging techniques. XRD analysis revealed basic 

crystalline hexagonal wurtzite structure showing 
intense and sharp peaks. The size and shape of the 

nanoparticles supported the information obtained 

by FESEM images. The average crystalline size 
observed for Cts-ZnO NPs 24.166 nm and for Ctf-

ZnO NPs 84.57 nm agrees well with FESEM 

observations. Slight peak broadening observed, 
increases lattice strain which may enhance defect-

medicated fluorescence. FESEM images revealed 

mild agglomeration due to biomolecules which are 

capping agents from Cassia tora extracts. The 
nanoscale roughness observed may enhance 

bacterial cell adhesion and reactive oxygen 

generation contributing to improved antimicrobial 
activity in Cts-ZnO NPs and Ctf-ZnO NPs. EDAx 

spectrum confirms the atomic ratio of Zn:O as 1:1, 

consistent with stoichiometry. The weak carbon 

signal detected in FTIR can be contributed to 
residual organic components from plant-derived 

phytochemicals acting as capping and stabilizing 

agent during synthesis. DPPH radical scavenging 
activity reveals both electron donating oxygen 

vacancies aligned with the observations from FTIR 

and fluorescence findings. 
Antimicrobial and antifungal activity with long 

term effect (after 24 h and longer) of prepared Ct-

ZnO nanomaterials give significant zones of 

inhibition for Gram-positive and Gram-negative 
bacteria. Further study against S. mutans, a Gram-

positive bacterium, having significant contribution 

toward tooth decay, imparts comparable activity 
against Ct-ZnO NPs. Enhanced visible emission in 

fluorescence spectra from green-synthesized NPs 

shows higher surface defect density correlating to its 
superior antimicrobial performance with regard to S. 

mutans. The implemented method is well suited to 

nanotechnology with utilization of stem for 

generation and stabilization of zinc oxide 
nanoparticles. Novelty of our study lies in oxide 

nanoparticles using a one-step, biocompatible 

antimicrobial screening as the findings of the study 
for oral dental problem support inhibition of major 

oral microflora. Further cytotoxic study needs to be 

performed to determine non-cytotoxic dose cell 

line study for development of human model. 
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