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ABSTRACT: 

Microbial antibiotic resistance is increasing due to release of hazardous chemicals into the environment. 

Anthropogenic activities have made the microbial world more resistance towards the conventional antibiotics. 

The biosynthesized nanoparticles   are challenging particles and bactericidal in nature in treating waste water.  

Nano size of the particles has high caliber in removing the pollutants from the water by the adsorption 

phenomenon. .  The present study emphasizes on the green synthesis of nanoparticles from the    tamarind 

shell extract, an agricultural waste, commonly used as a fuel by direct burning.  Tamarind shell, being rich in 

calcium and other organic compound, is used as reducing and capping agent in converting the silver to silver 

nanoparticles which is then characterized using XRD showing cubic crystalline structure, FTIR depicting the 

functional group, UV-Vis with a peak at 430nm spectrophotometer and TEM showing an average particle size 

of 25nm.the characterized silver nanoparticles were subjected to the antibacterial activity.   the antibacterial 

sensitivity  were recorded  on gram negative and gram positive bacteria like E-coli, Streptococcus spp, 

Staphylococcus aureus, Klebseilla spp and Pseudomonas aeruginosa . Thus the result obtained proves the 

ability of silver nanoparticles as the future prospects of research in medicine and pollution remediation. 

Key words- Biosynthesis of nanoparticles; Silver nanoparticles, Tamarind shell extract, Antibacterial 

activity. 

1. Introduction 

Antibiotics have been widely used and accepted due to its effective treatment of the chronic infections caused 

by bacteria. Silver nanoparticles constitute a very promising approach for the development of new 

antimicrobial systems. Nontoxic Nano-materials, which can be prepared in a simple and cost-effective 

manner, may be suitable for the formulation of new types of bactericidal materials [1]. Biosynthesized 

nanoparticles have been promisingly shown its antimicrobial activity against bacterial species like E-coli, 

Candida albicans, Staphylococcus aureus, Pseudomonas aeruginosa and Bacillus subtilis [2-3] 

Nanoparticles are the ultrafine structure ranging from 10 nm to 100 nm widely seen its application in various 

field of medicine, electronics, environment etc. Nano scale devices are being used for enhanced sensing, 

treating and remediating environmental contaminants. There are physical, chemical and biological procedures 

to synthesize the nanoparticle out of these three, chemical processes is being widely used due to its quick 

reaction and short time reaction for synthesis of large quantity of nanoparticles. However capping agents are 

required for stabilization and also the chemical reagents used generally for nanoparticles synthesis are toxic 

and the remnants after reaction are not very eco- friendly [4]. Various plant materials are used as a source for 

synthesis of nanoparticles which includes plants, fungi, bacteria, algae etc [5]. 
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Plants and plant products have been exploited for their unique phyto-chemicals present in them like proteins, 

vitamins, enzymes, amino acids and other organic compounds which are environmentally safe and serve as 

ideal tool for enhanced medicinal and pollution remedial applications. It is studied and reported that polysols 

such as terpenoids, polysaccharides and flavones help in bioreduction, stabilization and capping mechanisms 

of stable silver nanoparticles  [6] 

Tamarind pulp is a commonly used in Indian culinary and  is high in tartaric acid, sugar, B and C vitamins, 

carotenoids [7-8]T. indica fruit extract is not only used in culinary but also studies reveal that it is used in 

synthesis of nanoparticles without the addition of any external surfactant, capping agent or template [9]. 

Tamarind shell powder, a cheap agro based waste product, is a known adsorbent evaluated to remove COD, 

TS, turbidity and sulphate, malachite dye, metals like Cu and Cr (VI) [10-13]. The adsorbent prepared from 

tamarind fruit shell has a significant capacity for adsorption of Chromium (VI) & Nickel (II) ions from 

aqueous solution & can be employed effectively as a low cost adsorbent [14]. Tamarind shell is composed 

majorly of fiber, tannin, tartaric acid and calcium. Not only the tamarind shell but the tamarind seed is also put 

to use in removal of pollutant. It is reported in the study that tamarind seed powder is used as a coagulant and 

flocculent for reducing COD from waste water obtained from the detergent industry [15]. The studies have 

shown that tamarind shell is used as a low cost adsorbent for removal of methylene blue from aqueous 

solution[16] . Tamarind shell can be studied further for its potential uses in water treatment processes. 

 

2. Experimentation: 

2.1 Plant Extract Preparation 

Tamarind shell is collected post-harvest season. Pulp was completely separated from the tamarind shells (TS). 

The TS is washed with tap water to remove the dust particles and remnants of the pulp, a final wash is given 

by the distilled water. The TS is dried in sun for 2 days. To remove the complete moisture it is dried in hot air 

oven for 4 hours at 60oC. The TS is pounded firstly in mortar and pestle and then grinded to fine particles 

using a domestic grinder. The tamarind shell powder was sieved to get the uniform particle size. 10 gram of 

powder was suspended into 100 ml distilled water to make the tamarind shell extract. The mixture was heated 

on a hot plate for 10 minutes and the filtered using Whatmann paper 1. The filtrate was collected and labeled 

as Tamarind Shell Extract (TSE). The TSE is further used for the synthesis of silver nanoparticles.  

 

2.2 Synthesis of Silver Nanoparticles using plant extract 

The TSE was added to 1 mM silver nitrate solution and heated at 80oC for 30 minutes on hot plate using 

magnetic stirrer. The color change is observed from pale yellow to brown color. The color change indicates 

the synthesis of nanoparticles.[17] in their studies. The synthesized nanoparticles were further studied and 

analyzed using UV-Vis Spectrophotometer, XRD, FTIR and TEM. 

 

2.3 Antibacterial Assay for TSE-Silver Nanoparticles 

The silver nanoparticles thus synthesized were subjected to antibacterial activity by agar well-plate method to 

check the efficiency of minimal inhibition zone [18]. The isolates Esherichia coli, Streptococcus spp, 

Staphylococcus aureus, Klebsiella spp and Pseudomonas aeruginosa were used for antibacterial assay. The 

antibacterial activity was done in triplicates and mapped to check the efficiency of biologically synthesized 

silver nanoparticles with that of silver nitrate. 

http://www.jetir.org/
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  Fig 1. Flowchart -synthesis of silver nanoparticles using Tamarind Shell Extract 

 

3. Results and Discussion 

3.1 X-Ray Diffraction  

 

Fig. 2. P-XRD patterns of Ag nanoparticles  

The TSE sample was centrifuged at 3000 rpm for 10 minutes to concentrate the AgNPs. The supernatant was 

discarded and only thick brown liquid was used further for making the thin films of AgNPs on the slide with 

multiple layers and allowed to air dry. Annealing of the slides was done at 280C for 6 hours in the muffle 

furnace.  The slides were used for studying the crystallinity of the AgNPs using X-ray Diffractometer (P-
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XRD). P-XRD patterns of AgNPs (Fig. 2) is observed that diffractions at  peaks around 38.6, 44.8 and 64.7 

in 2 are depicting  (111), (200) and (220) planes of face centered cubic silver nanoparticles using JCPDS 

card no. 04-0783. In addition to these AgNP crystal reflections, other peaks are also seen and are attributed to 

be the organic residues of TSE. The average crystallite size of AgNPs is calculated using Scherer’s formula. 

𝐷 =  
𝑘𝜆

𝛽𝐶𝑜𝑠𝜃
 

Where, k is the Scherer’s constant, λ is the wavelength of X-rays used (λ = 1.5418 Å) for Cu Kα target, β is the 

observed FWHM for (111) peak, and θ is the Bragg’s angle.  

The estimated average crystallite size using the Scherer’s formula found to be 25 nm.  TSE is the potential 

reducing agent revealing the formation of crystalline silver nanoparticles. 

3.2 FTIR 

 

Fig. 3. FTIR spectra of Tamarind shell extract (TSE) and synthesized silver nanoparticles(SNP)  

FTIR   spectrum   was   used   to   identify   the   possible   bio-molecules responsible for the reduction of the 

silver ions to silver nanoparticles and capping of the bio-reduced AgNPs.  

The TSE and synthesized AgNPs were subjected to FTIR in the range of 400 – 4000 cm-1 and the 

corresponding spectra (Fig 3). The spectra produced by FTIR in TSE show six characteristic bands at and 

around 1212, 1369, 1629, 1725, 2133 and 3130 cm-1. Out of six three of TSE-AgNPs specific bands at 1629, 

2133 and 3130 cm-1. In TSE, the bands are in region of 1200 – 1370 cm-1 and are assigned to C–C and C–N 

stretching and bending vibrations of the carbonyl group or correspond to N-H (bond) of secondary [19-

21]whereas, the band at 1725 cm-1 is assigned to the stretching vibration of N-H group (primary amides)[22]. 

The bands at 1630, 2120 and 3300 cm-1 are attributed to the stretching vibrations of C = C bond, stretching 

alkyne bonds and O-H stretching vibrations of absorbed water at the surface of Ag nanoparticles 

respectively.[22] 
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Fig. 4. UV-Visible Absorbance spectra of Silver Nanoparticles (AgNPs)biosynthesized from Tamarind Shell 

Extract 

3.3 UV-Visible  

The UV-Vis spectrum of nanoparticles was recorded from the reaction medium as a function of reaction time 

of 30 minutes at 80oC using 3% TSE with 1mM AgNO3. The sample showed maximum absorption peak 

ranging between 200-450nm. The maximum peak of synthesized nanoparticles was at 430nm (Fig 4). The 

absorption spectra show the band edge at 260 nm corresponds to the band gap energy of AgNPs. Using the 

absorption edge wavelength, the band gap energy (Eg ) is calculated using the formula; 

𝐸𝑔 =  
ℎ𝑐

𝜆
 eV 

Where, h is the Planck’s constant, c is the wavelength of light and  is the absorption edge wavelength from 

absorption spectra.  The band gap energy of prepared silver nanoparticles is found to be 4.76 electron 

Volt(eV) .Due to bio-reduction in tamarind shell extract, the band gap energy gets reduced  which confirms 

that, bio-reduction yields smaller sized AgNPs, Thus the corresponding bands(260-450) gap can be tuned, 

which could be potential for optical applications as well. In addition, the color change observed during the 

synthesis (bioreduction), confirms the formation of silver nanoparticles. The observed color change could be 

due to the excitation of surface plasmon vibrations / resonance (SPR), which is a characteristic feature for the 

silver nanoparticle. It is seen that, the absorption spectra for prepared AgNPs shows a clear characteristic 

absorption peak at/around 430 nm called SPR peak of silver nanoparticles, which further confirms the 

formation of silver nanoparticles due to bioreduction by means of Tamarind Shell Extract.  
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3.4 HR-TEM 

TEM images(Fig-4) of synthesized nanoparticles from TSE show the particle size in the range of 2 nm -100 

nm depictingthat, the particles are spherical in shape with an average size of 25 nm. The particle size is 

estimated using Image J software. The fringe width, d-spacing that is interplanar spacing is found to be 2.35 

nm in dimension. The obtained d-spacing values was compared with JCPDS pattern no. (04-0783) to assign 

the (h,k,l) values. Comparing the h,k,l values it was found to be (111) indicating the orientation of crystallites 

along that direction and confirming crystalline cubic structure. Selected area electron diffraction pattern 

(SAED) clearly exhibits ring patterns representing polycrystalline nature of AgNP. Polycrystalline nature of 

AgNP confirms the cubic nano structure. 

 

Fig 4. HR-TEM micrographs showing (a) size distribution of Ag nanoparticles; (b) corresponding histogram; 

(c) HR-TEM image showing d-spacing and (d) SAED pattern of Ag nanoparticles 

3.5 Antibacterial Activity  

As per the results obtained from the antibacterial activity, it is found that all the marker organisms commonly 

found as  water-borne pathogens, were positively been affected by the test samples. Test samples namely 

tamarind shell extract (TSE), biosynthesized silver nanoparticles (AgNPs) and silver nitrate (1 mM AgNO3) 

subjected for antibacterial test showed a noticeable result in terms of the zone of inhibition .  

Silver nitrate, the potential bactericidal property possessing compound proved to show 9 mmof  zone of 

inhibition for E.coli, Streptococcus spp and Staphylococcus aureus. 0.4 mm for Klebsiella spp.  10mm for 

Pseudomonas aeruginosa (plate 1) This indicates that the (AgNO3) can be used as a potential antibacterial 

compound. Similar results were reported [23-26] 
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Organic extract of Tamarind Shell an agro based waste was found to show no antibacterial activity, whereas 

when it was subjected to silver nitrate for the synthesis of silver nanoparticles found to show a remarkable 

antibacterial activity. It is found that the TSE acted as a reducing agent in the synthesis of silver nanoparticles.  

It clearly enumerates that zone of inhibition with silver nanoparticles is more than the silver nitrate (Tab-1). 

The AgNP may destruct the structure of the bacterial cell interfering its enzymatic activity eventually killing 

the organism  [27] in their report. Also similar results were found and reported by Bindhu and Umadevi, [28] 

 

Plate-1 zone of inhibition shown by various microorganisms 

 

 

 

 

 

 

 

Table.1 Zone of inhibition by AgNO3 and AgNP on different bacterial organism 

 

4. Conclusion: 

The present study emphasized on antibacterial activity of  the synthesized silver nanoparticles using Tamarind 

shell agricultural waste, having high potential of reducing the silver into silver nanoparticles. The Tamarind 

shell is used as reducing agent which is ecofriendly, inexpensive and easily available. The synthesized silver 

nanoparticles are characterized by UV-Vis Spectrophotometer, FTIR, XRD, TEM which clearly indicates the 

presence of silver nanoparticles with an average size of 25nm, with crystalline structure. The synthesized 

nanoparticles were tested for its antibacterial activity for 5 different species and which showed the maximum 

zone of inhibition for Staphylococcus aureus and Pseudomonas aeruginosa (12mm) and least for Klebsiella 

spp (8mm). Thus the results obtained can be explored in the field of environmental remediation and medicine 

as silver nanoparticles prove to be potential candidates. 

Organism  AgNO3 

Zone of 

inhibition in 

(mm) 

Inhibition zone Zone  of  of 

AgNP(mm) synthesized by TSE 

Escherichia coli 9 11 

Streptococcus spp 9 11 

Staphylococcus aureus 9 12 

Klebsiella spp 4 8  

Pseudomonas aeruginosa 10 mm 11mm 
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