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Introduction 

Nanotechnology is an innovative field poised to revolutionize 

various scientific disciplines. At its core, nanotechnology involves 

nanoparticles atomic or molecular clusters smaller than 100 nm. 

Nanoparticles are essentially modified versions of basic elements; 

these nanoparticles are created by altering their atomic and 

molecular structures. The unique physiochemical properties, that 

significantly differ from their larger, "bulk" counterparts, making 

them attractive for diverse applications (1). 

 Zinc nanoparticles (ZnNPs) are particularly interesting due 
to their broad applications, including antibacterial, antifungal, anti-

diabetic, anti-inflammatory, wound healing, antioxidant and 

optical uses. Because traditional methods for producing these 

nanoparticles often rely on toxic chemicals and harsh conditions, 

researchers are now turning to greener approaches (2). Green 

synthesis methods are gaining popularity because they are good 

for the environment. Green synthesis uses living things like 

bacteria, plants and fungi to create nanoparticles. This approach 

reduces environmental damage and makes the nanoparticles 

safer for medical uses due to improved biocompatibility (3). 

 Plant-mediated nanoparticle biosynthesis follows a three

-stage process: reduction, growth and stabilization. The 

reduction phase is key point here; specific plant biomolecules act 

as reducing agents, converting metal ions from their original salt 

forms into neutral metal atoms. This initiates the nucleation of 

these atoms. Then, in the growth phase, these newly formed 

metal atoms coalesce to create nanoparticles, often 

accompanied by further reduction of metal ions. While this 

growth boosts the nanoparticles' stability, it's important to 

control nucleation to prevent aggregation and maintain desired 

shapes. The final stage is stabilization, where plant metabolites 

attach to the nanoparticles, giving them their most favourable 

and stable structure (4). 

 Terminalia chebula Retz., also known as Haritaki, is a fruit-

bearing tree from South Asia and a staple in traditional Indian 

Ayurvedic medicine. It is a member of the Combretaceae family, 

is widely recognized in Ayurvedic medicine. Terminalia chebula 

are rich in compounds like tannins, flavonoids and phenolic 

compounds. These compounds make T. chebula useful in 

creating nanoparticles, where it can act as both a stabilizer and a 

reducing agent (5). 

PLANT SCIENCE TODAY 

Vol x(x): xx–xx 

https://doi.org/10.14719/pst.13051 

eISSN 2348-1900  

RESEARCH ARTICLE 

Biogenic zinc nanoparticles synthesized from Terminalia 
chebula Retz: A sustainable approach to synthesis, 

characterization and antimicrobial studies   
 

Aakanksha Sharma1, Neha Behar2 & Rupal Purena1*     

 
1Department of Applied Science, Shri Rawatpura Sarkar University, Raipur 493 661, Chhattisgarh, India 

2Department of Biotechnology, D.L.S. P.G. College, Bilaspur 495 001, Chhattisgarh, India   

 

*Correspondence email -  drrupal4786@gmail.com, dr.rupalpurena@sruraipur.ac.in   

 

Received: 03 December 2025; Accepted: 14 February 2026; Available online: Version 1.0: 19 March 2026 

 

Cite this article: Aakanksha S, Neha B, Rupal P. Biogenic zinc nanoparticles synthesized from Terminalia chebula Retz: A sustainable approach to 
synthesis, characterization and antimicrobial studies. Plant Science Today (Early Access). https://doi.org/10.14719/pst.13051 

 

Abstract  

Zinc nanoparticles (ZnNPs) are particularly valuable due to their broad applications, including antibacterial, antifungal, anti-diabetic and wound 

healing properties. In this study the phytochemicals of Terminalia chebula Retz. fruits were extracted via Soxhlet extraction and cold extraction 
method using methanol as solvent after that, ZnNPs were synthesized using a green chemistry methodology employing the above methanolic 

extracts. After the synthesis, qualitative phytochemical analysis of the extract was executed to precisely identify the key biomolecules responsible 

for facilitating the nanoparticle formation. The ZnNPs were characterized using UV-Visible (UV-Vis) spectroscopy, Fourier transform infrared 

spectroscopy (FTIR), X-ray diffraction (XRD) and scanning electron microscopy (SEM). Subsequently, their effectiveness as an antibacterial agent 
was tested against Gram-positive and Gram-negative bacteria. Visual observation confirmed nanoparticles formation through a colour change 

from brown to creamy. UV-Vis spectroscopy showed characteristic absorption peak around 360–380 nm, which is the typical excitonic peak of Zn 

nanoparticles. X-ray diffraction analysis confirmed the highly crystalline and polycrystalline nature of the zinc nanoparticles, while FTIR spectra 

revealed differences in extraction efficiency between Soxhlet and cold extraction methods. Scanning electron microscopy analysis showed 
irregular morphology and agglomerated clusters of the synthesized ZnNPs. Crucially, the T. chebula mediated ZnNPs demonstrated broad-

spectrum antimicrobial activity, often surpassing streptomycin, with optimal activity between 150–200 µg/mL, highlighting its potential as a 

source for natural antimicrobial compounds.  
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 Terminalia chebula is valued for its diverse therapeutic 

properties, including benefits for heart health, antimicrobial action, 

antioxidant effects, anti-diabetic activity, improved gastrointestinal 

motility and wound healing (6). 

 This study aimed to achieve three main goals: first, to 

synthesize ZnNPs from both the Soxhlet and cold methanolic 

extracts of T. chebula fruits and its qualitative phytochemical 

analysis; second, to analyze the characteristics of these synthesized 

ZnNPs using techniques like UV–Visible spectroscopy, Fourier 

transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and 

scanning electron microscopy (SEM); and third, to evaluate their 

antibacterial ability  against both Gram-positive and Gram-negative 

bacteria.  

 

Materials and Methods  

Materials 

Zinc nitrate hexahydrate Zn (NO3)2·6H2O Molecular weight 297.48 g/

mol and purity > 98.0%), sodium hydroxide pellets NaOH Molecular 

weight 40 g/mol, were acquired from Hi Media. Terminalia chebula 

fruits were collected from June to October 2023 from 2 locations in 

Madhya Pradesh, India: Dumar-Kachhar (Lat 23.175727, Long 

82.136303) and Kotma (Lat 23.171587, Long 82.126507). Only well-

matured, healthy and dried fruits were selected. All other reagents 

were of analytical grade and used as received. 

Preparation of the fruit extracts 

Two distinct methodologies were employed for extract preparation 
from T. chebula fruits: Soxhlet extraction and cold maceration 

method. For Soxhlet extraction, 20 g of finely powdered T. chebula 

was placed in a thimble within the apparatus. Methanol was used as 

the solvent, undergoing continuous vaporization, condensation and 

siphoning cycles for 48 hr to ensure comprehensive analyte removal, 

as this technique is known to thermodynamically enhance 

extraction efficiency compared to simple soaking methods. The 

resulting methanolic extract was then concentrated under reduced 

pressure. In parallel, the cold maceration process, recognized for its 

effectiveness in isolating bioactive compounds like phenolics, 

flavonoids and tannins from Terminalia species, was also utilized. In 

this method, dried T. chebula fruits were oven-dried (50–65 °C for 20–

40 min), pulverized and then 20 g of the powder was steeped in 150 

mL of methanol. This mixture was heated in a water bath for 7–8 hr, 

cooled to room temperature and subsequently filtered using 

Whatman filter paper No. 1. The filtered extract was stored at 4 °C 

and used for nanoparticle synthesis within a week (7). The extracts 

were concentrated by evaporating the solvent until a solid or semi-

solid mass was obtained. The concentrated extract was weighed to 

calculate the percentage yield and then stored in 4 ºC for 

phytochemical analysis and antibacterial activity study (8). 

 

Synthesis of zinc nanoparticles 

Zinc nanoparticles were synthesized using a green method 

involving T. chebula dried fruit extract. The 30 mL of the previously 

prepared fruit extract was heated to 60 °C and 5 g of zinc nitrate 

hexahydrate was added. The mixture was continuously stirred at 

60 °C for one hour until it transformed into a yellowish paste. This 

temperature was crucial, yielding the optimal number of 

nanoparticles. The resulting paste was then calcined in a furnace 

at 40 °C for 2 hr. The remaining powder was thoroughly washed 

multiple times with methanol and distilled water, followed by 

drying at 100 °C to yield the ZnNPs ready for characterisation (6). 

 Phytochemical analysis 

The phytochemical analysis was conducted to identify the 

potential phytochemicals present in the fruit extract that may be 

responsible for its bioactivity. The extracts underwent chemical 

analysis to identify the presence of various bioactive compounds, 

including alkaloids analysis (Mayer’s test, Wagner’s test, Hager’s 

test), flavonoids analysis (alkaline reagent test), phenols analysis 

(Ferric chloride test), carbohydrates analysis (Molisch’s test, 

Fehling’s test, Benedict’s test) glycosides analysis (Keller- Killiani 

test, Legal’s Test), terpenoids analysis, saponins analysis (foam 

test), proteins analysis (Xanthoprotein test, Precipitation test) and 

tannins analysis. This phytochemical analysis was conducted 

using established biochemical reaction methods (9, 10). 

Characterisation 

Visual observation 

Confirmation of synthesized ZnNPS was done by a visible shift in 

the synthesizing solution's colour to cream (11). 

  UV-Visible spectroscopy  

UV-Visible spectroscopy (Labtronics, Model-29) using de-ionized 

water as a blank was employed to characterize the Zn 

nanoparticles, the presence of Zn ions was confirmed at an 

absorption peak between 360–380 nm with an detection range of 

200–800 nm (11, 12).  

Fourier transform infrared spectroscopy (FTIR) 

Fourier transform infrared spectroscopy (Thermo Scientific, Nicole 

iS5) was employed to analyse the functional groups present in 

both synthesized ZnNPs. All the samples were mixed properly with 

100 mg KBr and properly grounded before analysis. The analysis of 

functional groups in both the extract and the synthesized Zn-NPs 

was conducted within the spectral range of 500 to 4000 cm-1 (13). 

Scanning electron microscopy (SEM) 

Scanning electron microscopy was done at SAIF- STIC Cochin, 

India to examine the morphology and size of a sample (14).  

X-ray diffraction (XRD) 

X-ray diffraction analysis was done at SAIF STIC- Cochin, India. X-

Ray Diffraction is employed to ascertain the crystalline nature and 

structural characteristics of synthesized zinc nanoparticles (15). 

Antimicrobial activity 

The ZnNPs synthesized using T. chebula fruit extract was tested for 

antimicrobial activity by standard agar well-diffusion method 

against different microorganisms which include Escherichia coli 

(MTCC 443), Staphylococcus pyogenes (MTCC 442), Pseudomonas 

aeruginosa (MTCC 424), Xanthomonas oryzae (MTCC 11107) (16). 

The pure cultures of microorganisms were sub-cultured on 

Nutrient agar medium. The 100 µL of fresh overnight grown 

cultures of the microorganism were transferred into fresh sterile 

nutrient broth medium and grown at 37 oC for 4–9 hr. The 

inoculum was adjusted to 1 x 108 CFU/mL through 

spectrophotometer at 620 nm. The 0.08 absorbance value was 

taken to standardize the inoculum. The inoculums were dispersed 

on Mueller Hinton agar plates. Each strain swabbed consistently 

using sterile cotton swabs. Wells of 6 mm diameter were formed 

Percentage Yield = × 100 
Weight of powdered plant sample 

Weight of extract 
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on agar using gel puncture and varying concentration of AgNPs 

solution (50–250 µg/mL) along with positive (50–250 µg/mL) and 

negative control was placed in the wells. After incubation at 37 ºC 

for 24 hr, the varied levels of zone of inhibition were assessed. 

Statistical analysis 

Statistical methodology is essential for the comprehensive 

assessment of antimicrobial efficacy within diverse research 

settings. The antibacterial assay was conducted in triplicate and 

all results are expressed as the mean ± standard deviation (SD). 

Statistical validation was performed using one-way analysis of 

variance (ANOVA) to compare the mean values across different 

treatments. Significant differences between means were 

determined and compared using R software, with a p-value of 

less than 0.05 considered statistically significant.  

 

Results and Discussion 

Percentage yield of fruit extracts 

The percentage yield obtained for Soxhlet and cold extract was 

4.8 % and 4.6 % respectively. The percentage yield of the extracts 

is affected by many factors such as solvent used, the method of 

extraction, sample particle size (coarsely grounded or finely 

powdered form), presence of interfering substances, sample to 

solvent volume ratio, extraction time and temperature (8). These 

results agree with other studies (17). 

Phytochemical analysis  

Qualitative phytochemical screening of the T. chebula fruit 

extracts prepared using Soxhlet and cold methanolic extraction 

procedures revealed the presence of alkaloids, flavonoids, 

saponins and tannins in both extracts. Nevertheless, 

phytosterols and terpenoids were not present in the cold extract 

and were only found in the Soxhlet extract. The presence of these 

phytochemicals, particularly tannins, flavonoids and terpenoids, 

plays a critical role in the bio-reduction of zinc ions and the 

consequent stability of biosynthesized zinc nanoparticles. The 

higher phytochemical diversity in the Soxhlet extract may 

contribute to enhanced reduction efficiency and improved 

capping ability during nanoparticle formation. 

Characterization of Zn nanoparticle 

Visual observation  

Terminalia chebula fruit extract, naturally brown due to 

phytochemicals like tannins and flavonoids, is used to synthesise 

ZnNPs. These phytochemicals play a crucial role by reducing zinc 

ions from a precursor into elemental zinc, thereby generating the 

nanoparticles. The most apparent sign of this successful 

transformation is the solution's colour changing from brown to a 

creamy hue (Fig. 1). 

UV-Visible (UV-Vis) spectroscopy 

UV-Visible spectroscopy confirmed the successful synthesis of 

ZnNPs using both Soxhlet and cold extracts of T. chebula. The UV 

spectrum exhibited a characteristic absorption peak around 360–

380 nm, which is the typical excitonic peak of ZnNPs. The presence 

of this peak confirms the successful formation of Zn NPs, (Fig. 2). In 

both synthesized nanoparticles (TCZnS and TCZnC), Zinc 

nanoparticles synthesized from Soxhlet extract and cold extract of 

T. chebula respectively, the broad UV-Vis spectra, particularly the 

high absorbance below 400 nm, indicated the significant role of 

organic compounds from the respective T. chebula extracts in 

reducing zinc ions and stabilizing the formed nanoparticles. One of 

the study shows that the calcination of samples at 50 °C and 70 °C 

causes the strong absorption maximum of ZnNPs, typically below 

400 nm (18). Another study also discussed that UV-Vis 

spectroscopy of Zn nanoparticles, with an absorption peak at 357 

nm indicating the intrinsic band-gap of Zn-absorption (19). One 

more study showed ZnNPs show a strong absorption band at 

approximately 355 nm, with an excitonic absorption peak at about 

258 nm, which is significantly lower than the material's band gap 

wavelength of 358 nm (20). 

X-ray diffraction (XRD) analysis 

The X-ray diffraction pattern obtained for TCZnS which represents 

zinc nanoparticles synthesized using T. chebula fruit Soxhlet 

extract, showed crucial insights into their structural properties. 

 A key observation from the XRD graph is the crystalline 

nature of the synthesized zinc nanoparticles. This is evidenced by 

the presence of numerous sharp and clearly defined peaks 

throughout the diffraction spectrum (Fig. 3A). Importantly, the 

 

Fig. 1. Analysis of visual observation of Terminalia chebula Soxhlet and cold methanolic extract mediated- synthesis of zinc nanoparticles.  
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absence of any broad, diffuse humps confirms that the material is 

predominantly crystalline, lacking any significant amorphous 

regions. Among these peaks, a particularly strong and distinct 

reflection is noted at approximately 2θ = 28.287°. This dominant 

peak suggests that a specific crystallographic plane is highly 

ordered and abundant, or that there's a preferred direction in 

which the nanoparticles grew. 

 Furthermore, the existence of several other well-resolved 

peaks at distinct 2θ values, specifically around 9.677°, 12.336°, 

13.607°, 17.539°, 21.562°, 24.076°, 26.208°, 29.984°, 32.246° and 

37.565°, indicates that the material is polycrystalline. This means 

the sample is composed of numerous small crystallites that are 

oriented in various directions. The sharpness and high intensity of 

all these peaks further underscore the good crystallinity and 

suggest that the nanoparticles possess either relatively large 

crystallite sizes or a very well- formed crystal lattice. XRD analysis of 

TCZnS revealed an average crystallite size of ~42–58 nm. 

Additionally, the low and flat background noise in the diffraction 

pattern speaks to the purity of the sample and the quality of the 

measurement. 

 The XRD pattern presented for the "TCZnC" sample, likely 

zinc nanoparticles synthesized with T. chebula fruit cold extract, 

offers clear insights into its structural characteristics. The pattern 

reveals the material to be highly crystalline, as evidenced by the 

distinct presence of numerous sharp and intense diffraction peaks 

(Fig. 3B). The absence of a broad, amorphous hump further 

confirms that the sample is almost entirely crystalline, with no 

significant non-crystalline components. 

 A standout feature of the pattern is a remarkably 

prominent and sharp diffraction peak observed at approximately 

2θ=28.462°. The high intensity of this peak suggests either a 

strong preferred orientation in the material's crystal growth or the 

high abundance of a specific crystallographic plane within its 

structure. Beyond this dominant peak, several other well-defined 

reflections are apparent at various 2θ values, including roughly 

9.688°, 12.363°, 13.675°, 17.558°, 20.781°, 24.232°, 25.419°, 32.389°, 

37.660° and 46.660°. These multiple peaks collectively confirm that 

the synthesized material possesses a polycrystalline structure, 

Fig. 2. UV-Vis spectra of Terminalia chebula mediated zinc nanoparticles. A: TCznS; B: TCZnC.   

TCZnS: Terminalia chebula Soxhlet extract mediated zinc nanoparticles; TCZnC: Terminalia chebula cold extract mediated zinc nanoparticles.  

Fig. 3. X-ray diffraction of Terminalia chebula mediated zinc nanoparticles. A: TCznS; B: TCZnC.   

TCZnS: Terminalia chebula Soxhlet extract mediated zinc nanoparticles; TCZnC: Terminalia chebula cold extract mediated zinc nanoparticles.  
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indicating it is composed of numerous small, randomly oriented 

crystalline grains. The narrowness and high intensity of these 

peaks collectively imply excellent crystallinity and possibly larger 

crystallite sizes, or at the very least, a well-formed and ordered 

crystal lattice. XRD analysis of TCZnC revealed an average 

crystallite size of ~15–32.8 nm. Furthermore, the low and 

consistent background noise in the XRD pattern suggests a clean 

sample and high-quality data acquisition. It's also worth noting 

that if this "TCZnC" sample is related to "TCZnS" from prior 

analyses, minor shifts in peak positions (for instance, the primary 

peak here being at 28.462° compared to 28.287° in previous 

graphs) could point to subtle differences in lattice parameters, 

internal stress, or even a variation in crystalline phase or 

composition, despite the overall diffraction pattern appearing 

similar (Fig. 3). 

  The X-ray Diffraction data clearly demonstrates the 

successful synthesis of highly crystalline zinc-based nanoparticles, 

specifically designated as TCZnS and TCZnC. The presence of 

sharp and intense diffraction peaks in both analyses provides 

robust evidence of a well-ordered internal structure and confirms 

their polycrystalline nature. While a prominent reflection was 

observed at approximately 2θ≈28.287° for TCZnS and 2θ≈28.462° 

for TCZnC, highlighting a dominant crystallographic plane, a 

precise identification of the specific crystalline phase such as zinc 

oxide would necessitate a comprehensive comparison of these 

observed peak positions against established standard 

crystallographic databases like JCPDS (Joint Committee on 

Powder Diffraction Standards) or ICDD (International Centre for 

Diffraction Data) cards. Furthermore, it is highly probable that the 

T. chebula fruit extract, a natural biological agent, played a 

significant and vital role as both a reducing and stabilizing agent 

during the formation and stabilization of these crystalline 

nanoparticles (21). In one study researchers thoroughly analysed 

nanoparticles synthesized differently, all nanoparticle types exhibit 

very similar, highly crystalline structures with prominent, sharp 

peaks. This suggests that the synthesis method had little impact 

on crystalline arrangement (22).  

Fourier transform infrared spectroscopy (FTIR) analysis 

Fourier transform infrared (FTIR) analysis of ZnNPs synthesized from 

T. chebula fruit extracts, obtained through both Soxhlet (TCZnS) and 

cold extract (TCZnC) reveals a striking similarity in their overall 

chemical profiles (Fig. 4). Both spectra exhibit characteristic broad 

absorption bands for hydroxyl groups (∼3300 cm-1), indicating the 

presence of alcohols, phenols, or carboxylic acids. Similarly, distinct 

peaks around ∼2900 cm-1 point to aliphatic C-H stretching, while 

prominent bands between∼1600−1650 cm-1 suggest carbonyl and 

aromatic C=C stretching, typical of phenolic compounds, flavonoids, 

or quinones.  

 Despite the general similarities, subtle differences in the FTIR 

spectra suggest variations in extraction efficiency or the 

concentration of specific compounds. The TCZnS spectrum 

generally displays sharper and more intense absorption bands, 

particularly in the∼1600 cm-1 and ∼2900 cm-1 regions, compared to 

the TCZnC spectrum. These observations imply that the Soxhlet 

extraction method, benefiting from continuous solvent cycling and 

elevated temperatures, might lead to a higher concentration of 

certain compounds or a more efficient extraction of specific 

constituents.  

 In previous study, FT-IR spectroscopy of green-synthesized 
Zn nanoparticles also revealed several characteristic peaks at 3455, 

1640, 1400, 1070.1, 960 and 846 cm-1 (23). Other studies also 

 

Fig. 4. Fourier transform infrared spectra of Terminalia chebula mediated Zinc nanoparticles. A:TCznS; B: TCZnC.  

TCZnS: Terminalia chebula Soxhlet extract mediated zinc nanoparticles; TCZnC: Terminalia chebula cold extract mediated zinc nanoparticles.  
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reported that FT-IR analysis for ZnNPs showed characteristic 

flexing vibrations at 448.6 cm-1, C-O stretching at 1026.6 cm-1, 

hydroxyl groups at 1358.2 cm-1 and C-H stretching at 2889.1 cm-1 

(24, 25). 

Scanning electron microscopy (SEM) analysis  

This frequently used approach effectively determines the 

crystallinity, structural surface morphology, size, size distribution, 

shape and dispersion of high-resolution ZnNPs (26). The SEM 

analysis consistently shows that the ZnNPs are irregular in shape 

and significantly agglomerated across all magnifications, rather 

than being discrete particles (Fig. 5 and 6). The particles exhibit a 

wide size range, from potentially nanometer-scale particles to 

larger aggregates. At lower magnifications (X500, X1,500), the 

images reveal a broad overview of extensive material 

accumulation with a rough, granular texture and distinct clusters. 

Higher magnifications (X3,500, X7,000) provide more detail, 

highlighting the irregular morphology and porous nature of larger 

aggregates. The highest magnification images (X7,000), including 

one with measurement markings, indicate the presence of 

particles likely ranging from nanometers to micrometers, 

confirming attempts to quantify the dimensions of these irregular, 

clustered structures.  

 The SEM analysis showed that the ZnNPs synthesized from 

T. chebula dried fruit cold extract (TCZnC), exhibit an irregular 

morphology, showing both  individual particles and agglomerated 

 

Fig. 5. Scanning electron microscopy  at different scale of Terminalia chebula Soxhlet extract  mediated zinc nanoparticles (TCZnS). 

Fig. 6. Scanning electron microscopy at different scale of Terminalia chebula cold extract mediated zinc nanoparticles (TCZnC). 
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clusters rather than uniform spheres. The particles are not 

uniformly dispersed and show a clear tendency to aggregate, 

leading to a rough and heterogeneous surface. Qualitatively, 

particle sizes range from larger aggregates visible at lower 

magnifications (50 µm scale) down to individual nanoparticles or 

small clusters in the nanometer to sub-micron range at the highest 

magnification (2 µm scale).  Researchers also showed that Zn 

Nanoparticles tend to agglomerate into larger particles due to their 

high surface area and surface energy (27). 

Antimicrobial activity 

In this study the antimicrobial properties of T. chebula extract, 
specifically its ZnNPs derived from Soxhlet and cold extraction 

methods, were tested by well diffusion method in concentration 

ranging from 50 to 250 µg/mL against Escherichia coli, 

Staphylococcus pyogenes, Pseudomonas aeruginosa and 

Xanthomonas oryzae. The effectiveness was measured by the zone 

of inhibition (ZOI), with streptomycin as a positive control and 

methanol as a negative control (Fig. 7, Table 1–4). 

 Overall, both synthesized nanoparticles showed potent 

antimicrobial activity that generally outperformed or matched 

streptomycin, while the negative control showed minimal or no 

inhibition. The study observed a concentration-dependent 

increase in activity up to 200 µg/mL for most strains, with a slight 

decrease at 250 µg/mL. 

  Nanoparticles synthesized from the Soxhlet extract of               
T. chebula (TCZnS) showed highest antimicrobial activity against  

S. pyogenes, reaching an impressive 35.3 ± 0.60 mm ZOI (Zone of 

inhibition) at a concentration of 200 µg/mL. This suggests ZnNPs 

synthesized from Soxhlet extract of T. chebula are particularly 

Fig. 7. Antimicrobial activity against; A: Escherichia coli; B: Pseudomonas aeruginosa; C: Staphylococcus pyogenes; D: Xanthomonas oryzae via. 
well diffusion method of Terminalia chebula fruit mediated zinc nanoparticles. TCZnS: Terminalia chebula Soxhlet extract mediated zinc 

nanoparticles; TCZnC: Terminalia chebula cold extract mediated zinc nanoparticles; PC: positive control.  

Table 2. Antimicrobial activity of Terminalia chebula mediated zinc 
nanoparticles against Pseudomonas aeruginosa  

TCZnS: Terminalia chebula Soxhlet extract mediated zinc 
nanoparticles; TCZnC: Terminalia chebula cold extract mediated zinc 

nanoparticles; PC: positive control. Treatment - p <0.001 (highly 
significant), concentration - not significant. 

Concentration in µg/mL 
Zone of inhibition in mm ± SE 

TCZnS TCZnC PC 

50 25 ± 0.50 27.6 ± 0.30 18.6 ± 0.30 

100 34.6 ± 0.30 27 ± 0.50 16.6 ± 1.20 

150 24 ± 0.50 26 ± 0.00 15.3 ± 1.30 

200 28 ± 0.00 30.6 ± 0.60 16.3 ± 1.30 

250 27 ± 1.10 15.6 ± 0.30 8.3 ± 1.60 

TCZnS: Terminalia chebula Soxhlet extract mediated zinc 
nanoparticles; TCZnC: Terminalia chebula cold extract mediated zinc 

nanoparticles; PC: positive control. Treatment - p <0.001 (highly 
significant), concentration - p <0.05.  

Table 1.  Antimicrobial activity of Terminalia chebula mediated 
ZnNPs against Escherichia coli 

Concentration in µg/mL 
Zone of inhibition in mm ± SE 

TCZnS TCZnC PC 

50  24 ± 0.5  20 ± 0 16.6 ± 0.6 

100  23.6 ± 0.8  25 ± 0 14 ± 2 

150  27.33 ± 0.6  31 ± 0.5 16 ± 1 

200  22.6 ± 0.6  24.6 ± 0.3 16 ± 1 

250 15.33 ± 0.3 17.33 ± 0.6 9.33 ± 0.6 
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effective against this bacterium. For P. aeruginosa, the maximum 

zone of inhibition was 34.6 ± 0.30 mm at a slightly lower 

concentration of 100 µg/mL. Against X. Oryzae, the maximum ZOI 

was 33.6 ± 0.60 mm at 200 µg/mL, while E. coli showed a maximum 

activity of 27.33 ± 0.6 mm at  150 µg/mL. 

 Nanoparticles synthesized from the cold extract of                           

T. chebula (TCZnC) also yielded significant antimicrobial activity. It 

demonstrated its strongest performance against X. Oryzae, 

achieving a highest ZOI of 34.6 ± 0.30 mm at 200 µg/mL. For E. coli, 

TCAgC proved slightly more effective than TCAgS, reaching                

31 ± 0.5  mm ZOI at150 µg/mL. Against S. pyogenes, the maximum 

inhibition was 32 ± 1.00 mm at 250 µg/mL and for P. aeruginosa, 

the highest ZOI recorded was 30.6 ± 0.60 mm at 200 µg/mL. Both 

TCZnS and TCZnC along with positive control showed significant 

changes (p < 0.001) in zone of inhibition among the treatment 

group. 

 While both TCZnS and TCZnC were effective, TCZnC 
appeared slightly more effective for E. coli and X. Oryzae at higher 

concentrations, while TCZnS showed greater activity against                    

P. aeruginosa at 100 µg/mL. For S. pyogenes, both TCZnS and 

TCZnC yielded comparable high activity.  

 In conclusion, T. chebula ZnNPs demonstrate broad-

spectrum antimicrobial activity, often surpassing that of 

streptomycin. Optimal activity typically occurs between 150–200 

µg/mL. The most significant inhibitions observed were 35.3 mm 

against S. pyogenes (TCZnS  200 µg/mL), 34.6 mm against                                              

P. aeruginosa (TCZnS 100 µg/mL) and 34.6 mm against X. Oryzae 

(TCZnC 200 µg/mL), highlighting T. chebula's potential as a source 

for natural antimicrobial compounds. One study shows that the 

ZnNPs synthesized using cold Aloe vera extract exhibited 

significantly greater activity compared to particles derived from 

hot A. vera extract suggesting different method of extraction effects 

the phytochemical extracted and hence affecting its biological 

activities (28).     

 The decrease in antimicrobial activity at higher 

concentrations (250 µg/mL) can be attributed to several factors, such 

as saturation of bacterial cell membranes as high concentrations 

may saturate cell membranes, reducing effectiveness. Pro-oxidant 

effects, in which compounds may exhibit pro-oxidant properties at 

high concentrations, leading to oxidative stress and aggregation of 

compounds, they may aggregate, reducing surface area and 

interaction with bacteria (29, 30).  

 

Conclusion  

In conclusion the study successfully demonstrated the green 

synthesis of ZnNPs utilizing T. chebula fruit extract. The 

phytochemical richness of T. chebula, specifically its polyphenols, 

flavonoids and other compounds, proved instrumental in acting as 

both reducing and stabilizing agents during the nanoparticle 

formation. Comprehensive characterization using UV-Vis 

spectroscopy, FTIR, XRD and SEM confirmed the successful 

synthesis, crystalline nature  (Average crystalline size of ~42–58 nm  

and ~15–32.8 nm for TCZnS and TCZnC respectively) and irregular 

morphology of the resulting ZnNPs. 

 Crucially, the synthesized T. chebula ZnNPs exhibited potent 

and broad-spectrum antimicrobial activity, often surpassing that of 

conventional antibiotics like streptomycin. This highlights the 

immense potential of biologically synthesized nanoparticles for 

developing effective and safer antimicrobial agents. The findings 

underscore the promise of integrating traditional medicinal plants 

with advanced nanotechnology, paving the way for innovative 

solutions in medicine, environmental remediation and sustainable 

materials science.    
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Table 3. Antimicrobial activity of Terminalia chebula mediated zinc 
nanoparticles against Staphylococcus pyogenes  

TCZnS: Terminalia chebula Soxhlet extract mediated zinc 
nanoparticles; TCZnC: Terminalia chebula cold extract mediated zinc 

nanoparticles; PC: positive control. Treatment - p <0.001 (highly 
significant), concentration - not significant. 

Table 4. Antimicrobial activity of Terminalia chebula mediated zinc 
nanoparticles against Xanthomonas oryzae 

TCZnS: Terminalia chebula Soxhlet extract mediated zinc 
nanoparticles; TCZnC: Terminalia chebula cold extract mediated zinc 

nanoparticles; PC: positive control. Treatment - p <0.001 (highly 
significant), concentration - p <0.05. 

Concentration in µg/mL 
Zone of inhibition in mm ± SE 

TCZnS TCZnC PC 

50 28.3 ± 0.80 18 ± 0.00 16 ± 1.00 

100 30.6 ± 0.60 29.6 ± 0.30 16.3 ± 0.80 

150 26.6 ± 0.80 30.6 ± 0.30 16.3 ± 0.80 

200 35.3 ± 0.60 30.3 ± 0.30 17.3 ± 1.20 

250 30.6 ± 0.30 32 ± 1.00 10 ± 0.00 

Concentration in µg/mL 
Zone of inhibition in mm ± SE 

TCZnS TCZnC PC 

50 23.3 ± 0.60 25.3 ± 0.60 15 ± 0.50 

100 28 ± 0.00 30.6 ± 0.60 13.3 ± 0.80 

150 27.3 ± 0.60 31.3 ± 0.60 16 ± 0.00 

200 33.6 ± 0.60 34.6 ± 0.30 15.6 ± 0.30 

250 31.3 ± 0.80 32.3 ± 0.30 16.6 ± 0.80 
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