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ABSTRACT 

The project is based on the biological (green) synthesis of zinc 

oxide nanoparticle using plant extract from aloe vera. The 

phytochemicals present in aloevera such as flavonoids, phenolic 

compounds, polysaccharides, and proteins act as reducing and 

stabilizing agents. These compounds converted zinc ions (Zn+2) 

from zinc salts into zinc oxide nanoparticles through a reduction 

reaction. An antimicrobial sunscreen is a topical pharmaceutical or 

cosmetic formulation designed to protect the skin from harmful 

ultraviolet (UV) radiation while simultaneously inhibiting the 

growth of microorganisms on the skin. The present study focuses 

on the green synthesis of zinc oxide nanoparticles using aloe vera 

leaf extract and their incorporation into a topical sunscreen cream 

formulation. The prepared formulation showed smooth texture, 

good consistency, and uniform appearance without any phase 

separation. The pH, viscosity, spredability of the creams were in 

the ranges of 6.7, 277.0 mPa‟s at 6 RPM, 5 cm/gm/sec respectively. 
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Introduction  

The human skin may be rightly described as the 

natural „perimeter fence‟ of the human body. It 

is situated between the internal protective, 

sensory and excretory functions. 

Skin provides an immune barrier against 

microorganisms. The skin contains various 

bacterial species, however they rarely infect 

people. Bacterial skin infection can range from 

little to large and from begin to life-threatening. 

Skin damage makes wounds susceptible to 

bacterial infection, showing skin regeneration 

and healing. Skin infection caused by 

multidrug-resistant bacteria can kill people with 

significant burns and chronic illness like 

diabetes. Thus, a broad spectrum drug that kills 

bacteria without antibiotics is in high demand. 

The project is based on the biological synthesis 

of zinc oxide nanoparticle using plant extract 

from aloevera. Zinc oxide nanoparticles 

(ZnONPs) are metal nanoparticles that have 

garnered significant interest due to thei 

distinctive shape and antimicrobial efficacy 

against both gram-positive and gram-negative 

bacteria. The antimicrobial efficacy of ZnONPs 

is associated with their interactions with cell 

membrane constituents, including bonding with 

amino acids, membrane depolarization and the 

stimulation of reactive oxygen species (ROS) 

formation. Moreover, nanofabrications has 

challenges related to aggregation, potential 

cytotoxicity, and high material costs. 

During the synthesis process, the plant extract 

reduce zinc ions to form ZnO nanoparticles and 

also stabilizes them to prevent aggregation. This 

method is considered eco-friendly, cost-effective 

and non-toxic compared to conventional 

chemical synthesis methods. 

The present study focuses on the green synthesis 

of zinc oxide nanoparticles using aloe vera leaf 

extract and their incorporation into a topical 

sunscreen cream formulation. The synthesized 

nanoparticles are characterized using various 

analytical techniques, and the formulated cream 

is evaluated for its physical properties, stability, 

sun protection factor, and antimicrobial activity. 

This approach aims to develop an effective, safe, 

and environmentally friendly sunscreen 

formulation suitable for pharmaceutical and 

cosmetic applications. 

Aloe vera is a well-known medicinal plant 

widely used in traditional and modern 

medicine. It contains various bioactive 

compounds such as flavonoids, phenolics, 

vitamins, enzymes, and polysaccharides, which 

play a crucial role in the reduction and 

stabilization of metal ions during nanoparticles 

synthesis. The use of aloe vera extract in the 

green synthesis of ZnO nanoparticles not only 

enhances biocompatibility but also adds 

therapeutic properties like antioxidant, anti-

inflammatory, and antimicrobial effects. 

Conventional methods for the synthesis of 

nanoparticles, often involve toxic chemicals, 

high energy consumption, and environmental 

hazards. Therefore, there is an increasing 

demand for eco-friendly, cost-effective, and 

sustainable methods. Green synthesis of 

nanoparticles using plant extracts has emerged 

as a promising alternative, as it eliminates the 

use of hazardous substances and utilizes natural 

reducing and stabilizing agents present in 

plants. 

In natural plants, aloe vera is a significant 

medicinal plant with antibacterial, anti-

inflammatory, and antimicrobial properties, the 

gel of aloe vera leaf is a source of different 

organic acids, enzymes, .phenolic compounds, 

vitamins and minerals. Herein, aloe vera is 

widely used in the food, pharmaceutical and 

cosmetic industries, in the preparation of metal 

oxide and metal nanoparticles, the free 

carboxylic and amino groups derived from aloe 

vera extract act as both bio-reducing and 

capping agents, while glucomannan and 

acemannan extracted from aloe vera are 

considered as the natural active antimicrobial 

agents. 
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Materials and Methodology 

(A) Green synthesis of ZnO nanoparticles 

using aloe vera –  

1. Wash fresh leaves thoroughly with 

distilled water. 

2. Remove outer green peel and collect 

the inner gel. 

3. Weight 25g og gel. 

4. Add to 100ml distilled water. 

5. Heat at 60-700C for 20 minutes. 

6. Cool and filter using muslin cloth or 

whatman filter paper. 

7. Store extract at 4oC for further use. 

(B) Synthesis of zinc oxide nanoparticles 

Step 1 - Preparation of zinc solution 

a. Dissolve 2.2g zinc acetate 

dihydrate in 100ml distilled 

water 

b. Stir using magnetic stirrer 

until completely dissolved 

Step 2 – Addition aloe extract. 

a. Add 20ml aloe vera extract 

slowly to zinc solution. 

b. Stir continuously at 60oC for 

30 minutes. 

              Step 3 –  Precipitation. 

a. Prepare 0.5M NaOH solution 

separately. 

b. Add NaOH dropwise into 

reaction mixture. 

c. Maintain pH around 10-12. 

d. White precipitation will form 

– indicates ZnO formation. 

              Step 4 – Aging 

a. Continue stirring for 1hr at 60-

70oC. 

              Step 5 -  Washing 

a. Centrifuge at 5000 rpm for 10 

minutes. 

b. Wash precipitate with 

distilled water. 

c. Wash again with ethanol. 

               Step 6 – Drying 

a. Dry at 100oC for 4-5 hour in hot air oven. 

               Step 7 - Calcination 

a. Heat dried powder at 400oC 

for 2 hour in muffle furnace. 

b.  Obtain fine white ZnO 

nanoparticle powder. 

(C) Formulation of antimicrobial 

sunscreen cream. 

Step 1- Oil phase 

a. Take stearic acid, cetyl alcohol, 

and liquid paraffin. 

b. Heat at 70-75oC until melted. 

             Step 2 –  Aqueous phase  

a. Take distilled water. 

b. Add glycerin. 

c. Dissolved triethanolamine. 

d. Heat at 70oC. 

             Step 3 – Emulsification 

a. Slowly add aq. Phase to oil 

phase with continuous stirring. 

b. Stir until smooth emulsion 

forms. 

             Step 4 -Incorporation of ZnO nanoparticles 

a. Disperse ZnO nanoparticles in 

small amount of glycerin. 

b. Add slowly into cream base. 

c. Stir continuously for uniform 

distribution. 

             Step 5 -  Cooling. 

a. Add preservative below 40oC 

b. Stir until cool. 

c. Transfer into clean container. 

Result and Discussion 

Synthesis of zinc oxide nanoparticles 

Fig 01 is the green extract obtained from fresh 

aloe vera leaves. Upon addition of 60ml aloe 

vera extract to 300ml of the zinc acetate 

dihydrate solution. Under continuous stirring at 

60oC. Then, for the precipitation 20ml sodium 

hydroxide solution of 0.5M was used to added 

dropwise to adjust pH around 10-12. The 

mixture was stirred continuously for 1 hour at 

60-70oC. After centrifugation, washing & drying 

(24hours) formation of white precipitate 

indicated ZnO nanoparticles. 
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(fig.01)                                                                         (fig.02) 

Formulation of Sunscreen Cream  

Stearic acid, Cetyl alcohol, Liquid paraffin was 

taken to make oil phase. Whereas,  Distilled 

water, Glycerin &Triethanolamine was taken to 

make aqueous phase. Both phases was heated to 

70-75oC until melted. Then, aqueous phase was 

slowly added to oil phase with continuous 

stirring. Fig, 03 shows that the ZnO 

nanoparticles were disperse into small amount 

of glycerin & slowly added into cream base. 

 

 
(fig.03) 
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The sunscreen cream containing green 

synthesized ZnO nanoparticles using aloe vera 

leaf extract was successfully formulated and 

evaluated, the prepared formulation showed 

smooth texture, good consistency, and uniform 

appearance without any phase separation. 

The cream was pale green in color with 

characteristics odor and showed good 

homogeneity. The formulation spread easily 

skin surface, indicate good spreadability and 

patient acceptability. The cream was non-greasy 

in nature and easily washable with water. 

No signs of irritation, redness, itching were 

observed during irritancy studies, indicating 

that the formulation was safe for skin 

application. 

The pH of the formulation was found to be 

compatible with skin and suitable for topical 

application. pH = 6.7 

The viscosity of the formulated sunscreen cream 

was evaluated using Brookfield viscometer. The 

formulation showed optimum viscosity, which 

indicates good consistency and ease of 

application on the skin. 

The obtained viscosity value confirmed that the 

cream was neither too thick nor too thin and 

could be easily spread on the skin surface. 

Proper viscosity also helps in maintaining 

stability and uniform distribution of ZnO 

nanoparticles throughout the formulation. 

The viscosity remained almost constant during 

the stability study, indicating good physical 

stability of the sunscreen cream. 

The viscosity of the given sample was found to 

be 277.0mPa‟s at 6 RPM. 

Conclusion 

The present study successfully demonstrated the 

green synthesis of zinc oxide nanoparticles 

(ZnONPs) using aloe vera leaf extract as a 

natural reducing and stabilizing agent. The 

method used was simple, economical, eco-

friendly, and avoided the use of harmful 

chemicals. The synthesized ZnO nanoparticles 

were effectively incorporated into a sunscreen 

cream formulation and evaluate for various 

physicochemical parameters. 

The formulated sunscreen cream showed good 

appearance, homogeneity, spreadability, 

washability, pH, viscosity, and stability 

indicating that the formulation was suitable for 

topical application. The cream also exhibited 

satisfactory sun protection activity due to 

provided soothing, moisturizing, and 

antioxidant benefits to the skin. 

From the evaluation studies, it was concluded 

that the prepared herbal sunscreen cream was 

stable, safe, and effective for skin application. 

Thus, green synthesized ZnO nanoparticles can 

be considered a promising and environmentally 

friendly ingredient for the development of 

herbal sunscreen formulation with enhanced 

cosmetic and protective properties. 
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