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Abstract: Microencapsulation is a process in which tiny particles or a coating to give small capsules with many useful 

properties surrounds droplets. There are many methods to impart various end use applications like antimicrobial 

property, flame proof and many more functional properties to the various substrates like polyester, nylon, 

polypropylene etc., and it may be that most of the application methods may be durable or temporary. The 

microencapsules can introduce important new qualities to garments and fabrics, such as enhanced stability and the 

controlled release of active compounds. Microencapsulation technique is a unique one where a controlled release of 

these properties as and when  required are possible and also regarding the durability it can withstand for a longer 

duration. The present work was carried out with an objective to study the effect of clove oil, neem oil, aloe Vera 

powder, Benzalkonium Chloride (BKC) with  certain physical and performance properties on woven fabrics like 

cotton, P/C blend fabric and Non-woven Polypropylene fabric by the imparting antimicrobial finish by 

microencapsulation technique 
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I. INTRODUCTION 

 
Necessity to meet the growing demand of consumers led to the revolution in functional finishes worldwide. Cotton is 

widely used for apparel due to its comfort property, but it has two main drawbacks, susceptibility to creasing and 

bacterial degradation. Human sweat provides a suitable shelter for bacterial growth, containing 1.4 million bacteria per 

gram which increases to 9000 million at 50% moisture level. 

Chemical compounds are used as antimicrobial agents but they also influence the natural flora of the human skin. 

Microencapsulation provides a mean of packaging, separating and storing materials on a microscopic scale for 

triggered release under controlled conditions, such as mechanical rupture, electrical or chemical means or by leaching 

action in an appropriate liquid environment. Core substances may be perfumes, any healthcare active ingredients or 

even liquid crystal and solid one. Microencapsulation offers many advantages as compared to conventional processes, 

in terms of economy, energy saving, eco-friendliness and controlled release of substances. Microencapsulation process 

act as a means of imparting finishes and properties on textiles which were not possible or cost effective using other 

technology. 

II. MATERIALS AND METHODS 

 

2.1 Materials 

2.1.1 Fabric 

Scoured and bleached 100% cotton fabric (104 ends/inch,68 picks/inch,and plain weave) and P/C blend (70:30, 96 

ends/inch,72 picks/inch,and plain weave), & Nonwoven Polypropylene (136 GSM) were used for the application of 

antimicrobial finish.  

2.1.2 Chemicals for core material 

Benzalkonium Chloride, Aloe Vera, Clove oil, Neem oil all these chemicals were of Industrial Grade. 

2.1.3 Chemical 

Carboxy Methyl Cellulose(CMC), Sodium sulfate, Formaldehyde, Sodium carbonate, Synthetic Binder,Sodium 

Alginate,  all these chemicals were of LR grade. 
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2.2 Methods and Process Variables: 

2.2.1 Method: Padding-Drying-Curing 

The padding was carried out on the fabric with the following process variables:  

 Methods of treatment- Padding, Coating 

 Temperature - 100°c, 120°c,140°c,160°c 

 Concentrations of core material- 5%, 10%, 20% 

2.2.2 Synthesis of Microencapsulation solution by Phase Separation Method                                                    

 Take X grams of Sodium alginate and CMC in 100 ml. of water. 

 Raise temperature to 50C dissolve Sodium alginate and Carboxy Methyl Cellulose(CMC) completely in water. 

 Slowly add required amount of antimicrobial agent, and fragrance oil under continuous stirring. 

 Stir it for 20 minutes.                                                    

 Add sodium sulfate to this solution. 

 Finally, raise the pH to 8.5-9.5. 

 Add formalin to harden the walls.  

 

 

Fig. 1. Light microscope image of microcapsules formed in microencapsulation solution 

2.2.3 Application of Microencapsulation solution on the fabric 

Padding the fabric samples through padding mangle with the solution containing  

10 gm of Microencapsulation paste,  

10 ml of synthetic binder & 

80 ml of water.  

 

III. TESTING AND ANALYSIS 

 

3.1 Efficacy of the antimicrobial treated textile - 

 Antimicrobial property was evaluated by the qualitative evaluation by Agar Diffusion Method (AATCC-147-1998). 

3.2 Air Permeability -  
The air permeability of fabric samples was tested by using ASTM B 737 on Air Permeability Tester. 

3.3 GSM -  

The GSM 0f fabric samples were measured according to ASTM B 3776 The test specimens ware according to the 

template. 

3.4 Bending length -  

A Fabric samples were evaluated for bending length on Stiffness Tester as per the ASTM D 1388-96 method, the test 

specimens were according to the template. 

3.5 Wrinkle recovery -   
 A Fabric samples were evaluated for wrinkle recovery on MAG RECOVERY Tester as per the IS 4681-1968 method. 

3.6 Washing fastness –  

For washing treatment the 5 gpl soap solution was used and washed in the Launderometer machine for 30 min at 40
0
c 

by using standard ISO-III. 

3.7 Perspiration fastness –  

A Fabric samples were evaluated for perspiration fastness by using perspirometer as per the ASTM D1925 method. 
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IV. RESULT AND DISCUSSION 

 

   Antimicrobial Test: Zone of Inhibition 

Table 4.1:-Antimicrobial Test on Cotton Substrate: 

Zone of Inhibition in mm 

              Core material used 

 

Bacteria used 

Benzalkonium 

Chloride(BKC) 

Neem oil Clove oil Aloe Vera 

 

Bacillus cereus(Gram+) 22 17 17 12 

Shigella (Gram-) 17 11 15 8 

 

 

Graph 4.1:- Antimicrobial Test on Cotton Substrate 

Results of Table 4.1 and Graph 4.1 indicate that for cotton fabric tested against gram +ve bacteria, the zone of 

inhibition shown by Benzalkonium Chloride (BKC), Neem oil, Clove oil, and Aloe Vera are 22mm,17mm, 17mm, 

12mm respectively. The same trend has been formed for gram –ve bacteria, the zone of inhibition shown by 

Benzalkonium Chloride (BKC), Neem oil, Clove oil, and Aloe Vera are 17mm,11mm, 15mm, 8mm respectively. 

From the results it is observed that Benzalkonium Chloride (BKC) shows the highest zone of inhibition for both gram 

+ve and gram –ve bacterias and Aloe Vera shows minimum zone of inhibition among the all antimicrobial agents used 

as a core material for microencapsulation. The possible reason for high antimicrobial property of Benzalkonium 

Chloride (BKC) is may be due to the central nitrogen atom which is joined to four organic radicals (alkyl, aryl or 

aralkyl and nitrogen) and one acid radical present. Because of this it has the widest spectrum of anti-infective against 

bacteria. Also it is convenient to use as it is less irritating and more effective. The other antimicrobial agents like Neem 

oil, Clove oil and Aloe Vera have shown slightly less antimicrobial properties when compared with the antimicrobial 

properties of Benzalkonium Chloride (BKC). 

Table 4.2:-Antimicrobial Test on P/C Blend Substrate: 

Zone of Inhibition in mm 

               Core material used 

  

Bacteria used 

Benzalkonium 

Chloride(BKC) 

Neem oil Clove oil Aloe Vera 

 

Bacillus cereus (Gram+) 21 17 20 14 

Shigella (Gram-) 18 12 16 9 
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Graph 4.2:- Antimicrobial Test on P/C Blend Substrate 

Results of Table 4.2 and Graph 4.2 indicates that for P/C blend fabric tested against gram +ve bacteria, the zone of 

inhibition shown by Benzalkonium Chloride (BKC), Neem oil, Clove oil, and Aloe Vera are 21mm,17mm, 20mm, 

14mm respectively. The same trend has been formed for gram –ve bacteria, the zone of inhibition shown by 

Benzalkonium Chloride (BKC), Neem oil, Clove oil, and Aloe Vera are 18mm,12mm, 16mm, 9mm respectively. 

From the results it is observed that Benzalkonium Chloride (BKC) shows the highest zone of inhibition for both gram 

+ve and gram –ve bacterias and Aloe Vera shows minimum zone of inhibition among the all antimicrobial agents used 

as a core material for microencapsulation. The reason for this may be due to the better antimicrobial property of 

Benzalkonium Chloride (BKC) as explained in previous discussion. 

Table 4.3:-Antimicrobial Test on Polypropylene-Nonwoven Substrate 

Zone of Inhibition in mm 

             Core material used  

 

Bacteria used 

Benzalkonium 

Chloride(BKC) 

Neem oil Clove oil Aloe Vera 

 

Bacillus cereus (Gram+) 24 11 14 8 

Shigella (Gram-) 17 6 10 7 

 

 

Graph 4.3:-Antimicrobial Test on Polypropylene-Nonwoven Substrate 
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Results of Table 4.3 and Graph 4.3 indicates that for Polypropylene Nonwoven fabric tested against gram +ve bacteria, 

the zone of inhibition shown by Benzalkonium Chloride (BKC), Neem oil, Clove oil, and Aloe Vera are 24mm,11mm, 

14mm, 8mm respectively. The same trend has been formed for gram –ve bacteria, the zone of inhibition shown by 

Benzalkonium Chloride (BKC), Neem oil, Clove oil, and Aloe Vera are 17mm, 6mm, 10mm, 7mm respectively. 

From the results it is observed that Benzalkonium Chloride (BKC) shows the highest zone of inhibition for both gram 

+ve and gram –ve bacterias and Aloe Vera shows minimum zone of inhibition among the all antimicrobial agents used 

as a core material for microencapsulation. The other antimicrobial agents like Neem oil, Clove oil and Aloe Vera have 

shown slightly less antimicrobial property when compared with the antimicrobial properties of Benzalkonium Chloride 

(BKC). 

Table 4.4:- Durability of Antimicrobial Finish to Washing on Cotton Substrate 

 

Zone of Inhibition in mm for Bacillus cereus   

(Gram +ve) 

Core material used BKC Neem oil Clove oil Aloe Vera 

Fabric before wash 22 17 17 12 

Fabric after wash 20 14 15 9 

%Change 10 17.64 11.76 25 

 

 

Graph 4.4:- Durability of Antimicrobial Finish to Washing on Cotton Substrate 

Table 4.4 and Graph 4.4 gives the results of cotton fabric tested for durability of the antimicrobial finish to washing for 

Gram +ve bacteria. The results show that zone of inhibition shown by cotton fabric treated with Benzalkonium 

Chloride (BKC) as a core material before wash and after wash are 22mm and 20 mm respectively and % change is 

found to be 10%. For Neem oil used as a core material for microencapsulation the zone of inhibition for fabric before 

wash,   after wash and percentage change are 17mm, 14mm and 17.64% respectively. For Clove oil used as a core 

material for microencapsulation the zone of inhibition for fabric before wash, after wash and percentage change are 

17mm and 15 mm and  11.76% respectively. For Aloe Vera used as a core material for microencapsulation the zone of 

inhibition for fabric before wash,   after wash and percentage change are 12mm, 9mm and 25% respectively. 

From the results it is observed that Benzalkonium Chloride (BKC) shows the best results for zone of inhibition in gram 

+ve  bacteria. Aloe Vera shows minimum zone of inhibition for gram +ve bacteria. These results indicate marginal loss 

of antimicrobial properties even after washing. The possible reason for high antimicrobial property of BKC is may be 

due to the central nitrogen atom which is joined to four organic radicals (alkyl, aryl or aralkyl and nitrogen) and one 

acid radical present. Because of this it has the widest spectrum of anti-infective against bacteria. Also it is convenient to 

use as it is less irritating and more effective. 
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Table 4.5:- Durability of Antimicrobial Finish to Washing on Cotton Substrate 

  Zone of Inhibition in mm for Shigella (Gram –ve) 

Core material used BKC Neem oil Clove oil Aloe Vera 

Fabric before wash 17 11 15 8 

Fabric after wash 14 8 11 5 

%Change 17.64 27.27 26.66 37.5 

                                            

 
 

Graph 4.5:- Durability of Antimicrobial Finish to Washing on Cotton Substrate 

 

 
                          BKC                                Clove oil                              Neem oil                            Aloe Vera 

Fig. 2.  Zone of inhibition shown by different core materials on cotton fabric 

Table 4.5 and Graph 4.5 gives the results of cotton fabric tested for durability of antimicrobial finish to washing for 

Gram -ve bacteria. The results show that zone of inhibition shown by cotton fabric treated with Benzalkonium Chloride 

(BKC) as a core material before wash and after wash are 17mm and 14 mm respectively and % change is found to be 

17.64%. For Neem oil used as a core material for microencapsulation the zone of inhibition for fabric before was, after 

wash and percentage change are 11mm, 8mm and 27.27% respectively. For Clove oil used as a core material for 

microencapsulation the zone of inhibition for fabric before wash,   after wash and percentage change are 15mm and 11 
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mm and 26.66% respectively. For Aloe Vera used as a core material for microencapsulation the zone of inhibition for 

fabric before wash,   after wash and percentage change are 8mm, 5mm and 37.5% respectively. 

From the results it is observed that Benzalkonium Chloride (BKC) shows the best results for zone of inhibition in gram 

-ve  bacteria also. Aloe Vera shows minimum zone of inhibition for gram -ve bacteria. These results show that after 

washing treatment also there is no more change in antimicrobial properties of the fabric. BKC is found to be a best 

antimicrobial agent and for this reason is explained in previous discussion. 

Table 4.6:- Durability of Antimicrobial Finish to Washing on P/C Blend Substrate 

 

Zone of Inhibition in mm for Bacillus cereus  

 (Gram +ve) 

Core material used BKC Neem oil Clove oil Aloe Vera 

Fabric before wash 21 17 20 14 

Fabric after wash 17 12 15 8 

%Change 19.04 29.41 25 42.85 

 

 

Graph 4.6:- Durability of Antimicrobial Finish to Washing on P/C Blend Substrate 
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Fig. 3.  Zone of inhibition shown by different core materials on P/C Blend fabric 
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Table 4.6 and Graph 4.6 gives the results of P/C blend fabric tested for durability of the antimicrobial finish to washing 

for Gram +ve bacteria. The results show that by treating the P/C blend fabric with Benzalkonium Chloride (BKC) as a 

core material for microencapsulation the zone of inhibition before wash and after wash are 21mm and 17 mm 

respectively and % change is found to be 19.04%. For Neem oil used as a core material for microencapsulation the 

zone of inhibition for fabric before wash, after wash and percentage change are 17mm, 12mm and 29.41% respectively. 

For Clove oil used as a core material for microencapsulation the zone of inhibition for fabric before wash, after wash 

and percentage change are 20mm and 15 mm and 25% respectively. For Aloe Vera used as a core material for 

microencapsulation the zone of inhibition for fabric before wash, after wash and percentage change are 14mm, 8mm 

and 42.85% respectively. 

From the results it is observed that Benzalkonium Chloride (BKC) shows the best results for zone of inhibition in gram 

+ve  bacteria. As compared to all other core material used for microencapsulation process, Aloe Vera shows minimum 

zone of inhibition for gram +ve bacteria. These results also indicate marginal loss of antimicrobial properties even after 

washing due to increase in the durability of finish applied by microencapsulation technique.  

Table 4.7:- Durability of Antimicrobial Finish to Washing on P/C Blend Substrate 

  Zone of Inhibition in mm for Shigella (Gram –ve) 

Core material used BKC Neem oil Clove oil Aloe Vera 

Fabric before wash 18 12 16 9 

Fabric after wash 15 8 11 5 

%Change 16.66 33.33 31.25 44.44 

 

 

Graph 4.7:- Durability of Antimicrobial Finish to Washing on P/C Blend Substrate 

Table 4.7 and Graph 4.7 gives the results of P/C blend fabric tested for durability of antimicrobial finish to washing for 

Gram -ve bacteria. The results show that zone of inhibition shown by P/C blend fabric treated with Benzalkonium 

Chloride (BKC) as a core material before wash and after wash are 18mm and 15 mm respectively and % change is 

found to be16.66%. For Neem oil used as a core material for microencapsulation the zone of inhibition for fabric before 

wash, after wash and percentage change are 12mm, 8mm and 33.33% respectively. For Clove oil it is 16mm and 11 

mm and 31.25% respectively and for Aloe Vera used as a core material for microencapsulation the zone of inhibition 

for fabric before wash,   after wash and percentage change are 9mm, 5mm and 44.44% respectively. 

From the results it is observed that Benzalkonium Chloride (BKC) gives the highest zone of inhibition in gram -ve  

bacteria also. Aloe Vera shows minimum zone of inhibition for gram -ve bacteria as compared to other core material 
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used for microencapsulation. These results indicate marginal loss of antimicrobial properties even after washing. 

Benzalkonium Chloride ( BKC) is found to be a best antimicrobial agent among all other agents used. 

Table 4.8:- Durability of Antimicrobial Finish to Washing on Polypropylene-Nonwoven Substrate 

 

Zone of Inhibition in mm for Bacillus cereus   

(Gram +ve) 

Core material used BKC Neem oil Clove oil Aloe Vera 

Fabric before wash 24 11 14 8 

Fabric after wash 21 9 12 6 

%Change 12.5 18.18 14.28 25 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

Graph 4.8:- Durability of Antimicrobial Finish to Washing on Polypropylene-Nonwoven Substrate 
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Fig.3.  Zone of inhibition shown by different core materials on Nonwoven polypropylene fabric 

Table 4.8 and Graph 4.8 gives the results of Polypropylene-Nonwoven fabric tested for durability of antimicrobial 

finish to washing for Gram +ve bacteria. The results show that zone of inhibition shown by Polypropylene-Nonwoven 

fabric treated with Benzalkonium Chloride (BKC) as a core material before wash and after wash are 24mm and 21 mm 

respectively and % change is found to be 12.5%. For Neem oil used as a core material for microencapsulation the zone 

of inhibition for fabric before wash, after wash and percentage change are 11mm, 9mm and 18.18% respectively. For 

Clove oil it is 14mm and 12 mm and 14.28% respectively. For Aloe Vera used as a core material for 
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microencapsulation the zone of inhibition for fabric before wash, after wash and percentage change are 8mm, 6mm and 

25% respectively. 

From the results it is observed that Benzalkonium Chloride (BKC) shows the best results for zone of inhibition in gram 

+ve  bacteria. Aloe Vera shows minimum zone of inhibition for gram +ve bacteria. These results indicate marginal loss 

of antimicrobial properties even after washing. The other antimicrobial agents like Neem oil, Clove oil, Aloe Vera have 

shown slightly less antimicrobial properties when compared with antimicrobial property of Benzalkonium Chloride 

(BKC). 

Table 4.9:- Durability of Antimicrobial Finish to Washing on Polypropylene-Nonwoven Substrate 

  Zone of Inhibition in mm for Shigella (Gram –ve) 

Core material used BKC Neem oil Clove oil Aloe Vera 

Fabric before wash 17 6 10 7 

Fabric after wash 15 4 8 4 

%Change 11.76 33.33 20 42.86 

 

 

 

Graph 4.9:- Durability of Antimicrobial Finish to Washing on Polypropylene-Nonwoven Substrate 

Table 4.9 and Graph 4.9 gives the results of Polypropylene-Nonwoven fabric tested for durability of antimicrobial 

finish to washing for Gram -ve bacteria. The results show that zone of inhibition shown by cotton fabric treated with 

Benzalkonium Chloride (BKC) as a core material before wash and after wash are 17mm and 15 mm respectively and % 

change is found to be 11.76%. For Neem oil used as a core material for microencapsulation the zone of inhibition for 

fabric before wash,   after wash and percentage change are 6mm, 4mm and 33.33% respectively. For Clove oil used as 

a core material for microencapsulation the zone of inhibition for fabric before wash,   after wash and percentage change 

are 10mm and 8mm and 20% respectively. For Aloe Vera used as a core material for microencapsulation the zone of 

inhibition for fabric before wash,  after wash and percentage change are 7mm, 4mm and 42.86% respectively. 

The results indicate that Benzalkonium Chloride (BKC) shows the best results for zone of inhibition in gram -ve  

bacteria also. These results indicate marginal loss of antimicrobial properties even after washing that is durability of 

finish get increases by microencapsulation technique. Benzalkonium Chloride ( BKC) is found to be a best 

antimicrobial agent. Aloe Vera shows minimum zone of inhibition for gram -ve bacteria than the zone of inhibition 

shown by Neem oil and Clove oil. 
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V. CONCLUSION 

The treated fabrics showed antimicrobial efficacy against both Bacillus Cereus (Gram+ve) and Shigella (Gram–ve) 

bacterias. However, the Benzalkonium Chloride (BKC) possesses effective antimicrobial efficacy against both Bacillus 

Cereus (Gram+ve) and Shigella (Gram –ve) bacterias when compared to all other antimicrobial agents like Neem oil, 

Clove oil and Aloe Vera used in microencapsulation process. The durability of antimicrobial finish is increased by 

microencapsulation technique in all fabrics used. Compare to other fabrics Polypropylene-Nonwoven fabric showed 

better antimicrobial activity than Cotton and P/C blend fabrics. 
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