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ABSTRACT 

Green synthesis of Zinc oxide nanoparticles (ZnO-NPs) is a novel and non-toxic method as 

compared to the hazardous conventional physical and chemical methods. Herein, we report production 

of ZnO-NPs for the first time using whole vegetative parts of Sesamum indicum L. The aqueous extracts 

of various parts of S. indicum were used to synthesize nanoparticles in this study. The synthesized 

nanoparticles were evaluated using UV-visible spectroscopy for confirmation and characterization. The 

maximum UV-visible spectral absorption peaks were observed from 293 to 296 nm wavelengths. Leaf 

and stem reaction mixtures exhibited the sharpest absorption peaks of all the variations at 293 nm and 

root at 296 nm. This study leads to the development of cost-effective ZnO-NPs synthesis with a possible 

further exploration to serve mankind. 
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1. INTRODUCTION 

 

Recently, preferences have been laid on herbs based nanoparticles synthesis due to their 

eco-friendly, non-toxic and reduced use of chemicals, as compared to the conventional 

(physical and chemical) methods [1, 2]. Nanoparticles synthesized through chemical methods 
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are reported to absorb the toxic chemicals on their surface, hence becoming noxious in medical 

applications [3, 4]. But the green-route synthesis method of nanoparticles from plants proved 

safe with no side effects on living systems [5, 6]. 

Zinc oxide (ZnO) is a wurtzite n-type semiconducting material with unique electronic and 

photonic properties. At room temperature, ZnO exerts wide direct band gap (3.37 eV) and a 

high exciton binding energy (60 meV) [7, 8]. Zinc oxide NPs are extensively exploited in 

pharmaceutical and cosmetic industries due to their astonishing properties, such as 

compatibility with human skin, non-toxic, self-cleansing, UV-blocker in sunscreens, efficient 

resisting capacity against microorganisms, etc. [9-11]. 

ZnO-NPs are successfully studied to enhance growth in food crops, such as Triticum 

aestivum, Pennisetum americanum, Cyamopsis tetragonoloba, Arachis hypogea, Solanum 

lycopersicum, Cucumis sativus, Vigna radiata, Cicer arietinum, Zea mays, Raphanus sativus, 

Allium cepa, etc. [12-16]. 

Various biological activities of plant extracts mediated ZnO-NPs were reported, viz. ZnO 

NPs synthesized using Limonia acidissima leaf extracts are active against Mycobacterium 

tuberculosis [17]. Antimicrobial activity of Emblica officinalis mediated ZnO-NPs reported by 

Anbukkarasi et al. [18].  

Zinc oxide NPs from Plectranthus ambonicus leaf extracts found to inhibit the growth of 

human pathogenic bacteria and mosquito larvae [19]. Passiflora caerulea leaf based ZnO-NPs 

proved against urinary tract infecting pathogens [20]. Micro-scale and nano-scale formulations 

of ZnO-NPs synthesized from herbal extracts are investigated for biofertilizer, antibacterial 

[21], antifungal [22], cytotoxic [23], larvicidal [19], photocatalytic [24], anti-diabetic [25], 

antiplasmodial [19], genotoxic and anticancer [26, 16] activities (Fig. 1). 

 

 
Fig. 1. Different biological activities of herbal extracts based ZnO Nanoparticles 
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Sesamum indicum L. (Queen of oilseeds) is an annual plant, belonging to the family 

Pedaliaceae and distributed throughout the tropics [27]. This plant has been explored for various 

pharmacological properties, such as antipyretic, anti-inflammatory, anti-oxidant, anti-

microbial, anti-hypertensive, antinociceptive, wound healing, and anticancer properties [28-

31]. The whole plant is used to treat various diseases in the Indian traditional systems of 

medicines [32]. Phytochemistry of S. indicum leaves reveals the presence of lignans, iridoids, 

lamalbid, sesamoside, shanzhiside methyl ester, cistanoside F, chlorogenic acid, pedalitin-6-O-

laminaribioside, pedaliin, isoacteoside, pedalitin, and martynoside [33].  

In the present report, an attempt was made to search the potentiality of S. indicum plant 

extracts in biogenesis of ZnO nanoparticles at room temperature. 

 

 

2.  MATERIALS AND METHODS 

2. 1. Plant collection 

The plant was identified using standard flora [34]. The fresh green leaves, stem and roots 

of S. indicum were harvested from the agricultural field at Puducherry (11.9416° N, 79.8083° 

E), South India, during the months of October to December, 2018. The collected materials were 

washed with distilled water and shade dried at room temperature for further use (Figs. 2A-C). 

 

2. 2. Preparation of the plant extract 

 

 
Fig. 2. Various parts of S. indicum (A) Leaves, (B) Stem pieces and (C) Roots. 

Fig. 3. Choped plant parts (A) Leaves, (B) Stem pieces and (C) Roots. 
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Five gram of fresh materials (leaf, stem, and root) were washed with running tap water 

and then with distilled water. The plant parts were then chopped (Figs. 3A-C) and boiled in 250 

ml Erlenmeyer flask containing 50 mL distilled water at 70 °C for 10 min. The aqueous extracts 

were then cooled to room temperature, filtered through Whatman number-1 filter paper, and 

the filtrate was stored at 4 °C for further experimental use. 

 

2. 3. Synthesis of ZnO-NPs and optimization of parameters  

Zinc Nitrate hexahydrate [Zn(NO3)2·6H2O], purchased from Thermo Fisher Scientific 

India Pvt. Ltd. (Mumbai), was used as precursor to synthesize ZnO-NPs. Five mL of 1mM Zinc 

Nitrate solution was added to 5 mL of plant extracts and kept on stirrer for one hour and the 

color of the reaction mixture was observed after 1 hour. Yellow color appeared after the 

incubation time confirmed the synthesis of ZnO NPs. The precipitate was separated from the 

reaction solution by centrifugation at 10000 rpm for 15 min and the pellet was collected. The 

pellet was dried using a hot air oven operating at 60 °C for 4 h and used for further studies. 

 

2. 4. UV–Visible spectroscopic characterization of biosynthesized ZnO-NPs 

Optical properties of ZnO-NPs were characterized based on UV absorption spectra with 

the wavelength range between 200 nm to 700 nm. For UV–Visible spectroscopy, the resultant 

pellet from each of the reaction mixture was re-suspended in distilled water and spectrum scans 

were performed using Systronics Double Beam Spectrophotometer (Model 2202, Systronics 

Ltd.) in diffuse reflectance mode using Zinc nitrate as reference (Fig. 4). 

 
Fig. 4. Schematic representation of synthesis of ZnO-NPs. 

 

 

3.  RESULTS AND DISCUSSION 

 

The parameters for phytosynthesis of ZnO-NPs from S. indicum were optimized in the 

present study. Zinc nitrate is generally most commonly used substrate for the biosynthesis of 

ZnO nanoparticles. Application of Zinc nitrate in synthesis of ZnO-NPs were reported by Diallo 

et al. [35] in Aspalathus linearis, Ravindran et al. [36] in Duranta erecta, Sutradhar and Saha 

[37] in Lycopersicon esculentum, Manokari and Shekhawat [38] in Cassia tora, etc. 

 

3. 1. Visual observation 

Zinc oxide is considered as a potential material to operate in the visible spectra and close 

to ultraviolet spectral region [39]. Being a preliminary test for nanoparticles synthesis, visual 

color change in the reaction mixture was observed (Fig. 4) to confirm the synthesis of ZnO-



World News of Natural Sciences 23 (2019) 200-210 

 

 

-204- 

NPs synthesized using freshly prepared aqueous extract of plant materials. ZnO-NPs have 

reported to posses superior optical properties [20]. Color change from white, pale yellow to 

dark yellow confirmed the synthesis of ZnO-NPs from S. indicum at initial stage. 

 

3. 2. UV-visible spectral analysis 

 

 
Fig. 5. Visual observation of ZnO NPs synthesis (a) Zinc Nitrate solution (b) S. indicum leaf 

extract (c) final color change in reaction mixture (d) UV-Vis spectrum of ZnO-NPs 

synthesized by leaf extract of S. indicum. 

UV-Visible spectroscopy 

(a) (c) (b) 
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Fig. 6. Visual observation of ZnO NPs synthesis (a) Zinc Nitrate solution (b) S. indicum stem 

extract (c) final color change in reaction mixture (d) UV-Vis spectrum of ZnO-NPs 

synthesized by stem extract of S. indicum. 

UV-Visible spectroscopy 

(a) (c) (b) 
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Fig. 7. Visual observation of ZnO NPs synthesis (a) Zinc Nitrate solution (b) S. indicum root 

extract (c) final color change in reaction mixture (d) UV-Vis spectrum of ZnO NPs 

synthesized by root extract of S. indicum. 

 

 

UV-visible spectroscopy is a confirmatory method of ZnO-NPs synthesis [20]. The 

reaction mixtures (pale yellow to yellow colored samples) were subjected to scan through UV-

Spectrophotometer in the range of 200-700 nm. The conducting electrons present in the reaction 

mixtures oscillate at a certain wavelength between the selected ranges (200-700nm) as a result 
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of surface plasmon resonance (SPR) effect. Figures 5-7 represent the UV-visible spectra of 

freshly prepared ZnO-NPs from leaf, stem, and root extracts. Various peaks were observed with 

the respective reaction mixtures, ranging from 293 to 296. The absorption peak obtained at 293 

nm clearly demonstrates the presence of ZnO-NPs in the leaf and stem reaction mixture (Figs. 

5 and 6). Initial peak obtained at the range of 260 nm and further increased due to oscillation 

of more electrons after 1 h which described the synthesis of ZnO-NPs. After 1 hour, the peaks 

were observed stable, which indicated the formation of nanoparticles at room temperature (Fig. 

7).  

Ultra-Violate spectrum has been reported to detect conjugated unsaturated chromophores 

(polyenes, α, β-unsaturated ketones and aromatic compounds) and flavones. The UV spectrum 

represents the total chromophores from polyfunctional secondary metabolites of plant extracts 

[40, 41]. The phytochemicals in the plant extracts help in the synthesis of metal oxide 

nanoparticle by inducing oxidation and reduction reaction [42]. Such biosynthesized 

nanoparticles exhibit various shape, size, more stable and biocompatible with no environmental 

adverse effects and the rate of synthesis is also faster as compared to the use of other organism 

[43-45].  

 

 

4.  CONCLUSIONS 

 

In the present study, the ZnO-NPs were synthesized using S. indicum plant parts aqueous 

extracts. The biogenic process is an eco-friendly and non-toxic procedure. Presence of 

functional groups of secondary metabolites in the plant extracts, mediated the synthesis of Zinc 

metal oxide nanoparticle. As a preliminary confirmation, visual observance of yellow color in 

the reaction mixture was obtained. The rapid synthesis of ZnO-NPs was confirmed and 

measured using the UV-Visible spectroscopy at 293-296 nm. Therefore, it can be concluded 

that it is an efficient and simple method for the green synthesis of multifunctional ZnO-NPs 

using aqueous extracts of S. indicum vegetative parts. Zinc oxide, being a safe food additive, in 

this study could make better use of ZnO nanoparticles in biofortification, cosmetic production, 

agricultural practices, etc. 
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