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ABSTRACT: 

The ethanolic extract of Aerva lanata and Rosmarinus officinalis plant were tested for potential use as an antimicrobial 

agent on bamboo spunlace fabric. Various concentrations were studied for each plant and poly herbal combinations were 

formulated in different ratios 80:20, 70:30,  60:40 and 50:50 respectively. The combination yielding best result in 

antimicrobial evaluation against gram positive and gram negative bacterias are nano encapsulated using coacervation 

method and treated on bamboo non woven fabric with the help of ultrasonic atomizer. The antibacterial assay of ENISO 

20645 and AATCC 147 was carried on the nano finished fabric against Escherichia coli, Staphylococcus aureus and 

Pseudomonas aeruginosa. It is seen that the combination showed very good result which can be used as a natural 

antibacterial agent for medical textiles especially in the study on wound dressing. 
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1. INTRODUCTION: 

The textile finishes with added values particularly for medical clothes are greatly appreciated and the rapid 

growth in the field of medical textiles and their end uses has generated many opportunities for the application 

of antimicrobial finishes [1]. Medicinal plants are fertile all around the globe and it is in high focus in recent 

years than ever before, because people are finding it to be more beneficial to the society indeed to humans. In 

addition, the use of herbal medicine for the treatment of diseases and infections are as old as mankind. The 

World Health Organization supports the use of traditional medicine provided they are proven to be efficacious 

and safe. [2] (WHO 1985). 

Today a substantial number of drugs are developed from plants which are active against a number of diseases. 

The majority of these involve the isolation of the active ingredient (chemical compound) found in a particular 

medicinal plant and its subsequent modification [3]. Aerva lanata belongs to Amaranthaceae family. The herb 

has remarkable properties of curing skin diseases like bed sores, wounds, rashes and rheumatism. Rosmarinus 

officinalis belongs to lamiaceae family and which is commonly known as rosemary.  Rosemary is well known 

for anti inflammatory, anti analgesic and anti bacterial properties and it can heal various skin conditions.  

Bamboo is well known for its natural antibacterial and absorbency properties. There are many researches that 

are carried out presently for its excellent performance in the field of medical textiles. In this connection for the 

present study bamboo spunlace was chosen to check its efficiency when nano finished. Nano technology is the 

most emerging study in any field of work. Though it already exists in textile industry for a long period of 

time, new innovations based on nano technology are made every single day. Nano encapsulation is a process 

in which the core covered with wall material is produced in nano size. This is rapidly increasing and widely 

used in research these days. Herbal nano encapsulated finish in the fabric provides controlled release of the 

plant bioactive agents. 

The aim of the present study is to determine the best polyherbal ratio and nanoencapsulating it by 

coacervation method and there by evaluating for its antimicrobial efficacy and looking forward for its 

suitability in medical and hygiene textiles through cytotoxicity analysis. 
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2. METHODOLOGY: 

2.1 Collection of herbs and preparation of plants: 

The fresh plant of Aerva lanata was collected near the road sides of Anakatti and the Rosemary was collected 

from Medicinal Plant Development Association, Dodabetta, Ooty. The two plants were washed in the running 

water and rinsed in distilled water. The plants were then shade dried for seven days. After which it is 

powdered in an electronic blender. 

2.2 Extraction of the plant: 

50g of the powdered plant is packed in a thimble and set inside the soxhlet extractor and 500 ml of 99.9% 

ethanol was added to it and the extraction was carried out for 12 hours at 4
0
c. The advantage of this system is 

that instead of many portions of warm solvent being passed through the sample just one batch of solvent is 

recycled [4]. The same procedure is followed for both the plants. The extract is then filtered using whatman 

filter paper no.1 and the filtrate was subjected to distillation and then traces of ethanol were eliminated by 

evaporation. The crude thus obtained was weighed and kept in the refrigerator at 4
0
c until use [5]. 

2.3 Optimizing the poly herbal combination: 

The crude extract of both the plants were optimized for 1%, 3%, 5% and 7% concentration to arrive at a 

particular concentration in which the combination ratios can be made which acts against microbes. From the 

MIC values of the above concentrations, it is seen that 5% concentration of both the plant extracts showed 

good antibacterial activity. Hence 5% concentration was finalized for the further study. 

The optimized concentration of both plant extracts were mixed in various ratios of 80:20, 70:30, 60:40 and 

50:50. These ratios were loaded in the fabric samples and subjected to antimicrobial test against E.coli , 

s.aureus  and pseudomonas to find the best combination yielding good result. 

2.4 Nano encapsulationof the polyherbal combination: Herbal extract nano particles (Sumithra and 

Vasugi Raaja N 2012) 

The selected polyherbal combination solution was taken as the core material with bovine serum albumin 

protein as wall material. The nano encapsulation was done by coacervation process followed by cross linking 

with gluteraldehyde. The poly herbal solution was incubated with the (2% w/v) Bovine Serum Albumin for an 

hour at room temperature. The PH of the solution was adjusted to 5.5 by 1M HCL using digital PH meter. 

Then ethanol was added to the solution in the ratio of 2:1 (v/v). The rate of ethanol addition was carefully 

controlled at 1 ml per minute. The coacervate so formed was hardened with 25% gluteraldehyde for 2 hours to 

allow cross linking of protein. Organic solvents were then removed under reduced pressure by rotary vaccum 

evaporater and the resulting nano capsules were purified by centrifugation at 4
0
C at 1,000 rpm. Pellets were 

suspended in 0.1 M PBS and lyophilized with mannitol (2% W/V). 

2.5 Application on nonwoven fabric: 

The nano encapsulated polyherbal solution was loaded in bamboo spunlace fabric using ultrasonic atomizer. 

The solution was dispensed on the fabric kept in a tray through an atomizing probe (nozzles), by a small low 

pressure metering pump. The size of the pump was 4mm. One end of the pump was fixed with a tube and the 

other end was fixed with probe. 40KHZ wide dispersion probe was used in the study with the flow rate of 

10ml/min. the fabric is then subjected to drying at room temperature and taken for further analysis. 

2.6 Antibacterial assessment of the nano finished fabric (EN ISO 20645) 

The antibacterial activity of the finished fabric was tested according to EN ISO 20645 against Staphylococcus 

aureus, Pseudomonas aeruginosa and Escherichia coli. AATCC bacteriostasis agar plates were prepared and 

the finished fabric with the diameter of 2.0±0.1 cm was placed on the surface of medium and the plates were 

incubated at 37℃ for 24 hours. The zone of inhibition formed around the fabric sample was measured in mm 

and recorded. 

2.7 Antibacterial activity assessment by AATCC 147 

The AATCC plates were prepared and the fabric samples was cut into 5 x 2.5 cm size and placed over the 

inoculated bacterial species and the plates were kept for incubation at 37℃ for 24 hours. At the end of 
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incubation period, the diameter of zone of inhibition formed around the fabric was measured in mm and 

recorded. 

2.8 Cytotoxicity analysis: 

In order to evaluate the release of toxic substance from the nano finished textile substrate, an In vitro 

cytotoxicity assay was performed as per ISO 10993:5. Test samples in duplicates were added on the cells in 

three different concentrations 50𝜇𝑔, 75𝜇𝑔 𝑎𝑛𝑑 100𝜇𝑔, after incubation at 37±1℃ for 18 hours, MMT were 

added in all the wells and incubated for 4 hours. DMSO was added in the wells and the readings were taken 

using photometer at 570nm. Cytotoxicity and cell viability were calculated using the formula. 

Cytotoxicity =    (control – treated)     x 100 

                                  Control 

Cell viability = (treated / control) x 100 

 

3. RESULTS AND DISCUSSION 

In the present study the nano encapsulated poly herbal finished bamboo spunlace nonwoven fabric was 

analyzed to determine antibacterial property along with cytotoxicity of the finished fabric to determine the 

suitability of the finished fabric for wound dressing. 

3.1 Optimizing the polyherbal combinations 

It was seen that Aerva lanta and Rosmarinus officinalis combination is found best at 70:30 ratio. This 

combination ratio exhibits good zone levels against gram positive and gram negative bacterias. 

Table 1. Anti bacterial activity of Aerva lanata and Rosemary combinations on various ratios. 

S.N

o. 

Aerva lanata  and 

Rosmarinus officinalis 

combination ratios 

E.coli 

mm 

S. aureus 

mm 

Pseudomonas 

mm 

1 80:20 25 25 21 

2 70:30 26 25 22 

3 60:40 25 24 22 

4 50:50 24 21 21 

 

3.2 Anti bacterial assessment EN ISO 20645 and AATCC 147 

The nano encapsulated poly herbal finished fabric was assessed for antibacterial activity by EN ISO 20645 

against, and the zone of inhibition shown by the finished samples against Escherichia coli, Staphylococcus 

aureus and Pseudomonas aeruginosa are 33±0.1𝑚𝑚, 32 ± 0.1𝑚𝑚 𝑎𝑛𝑑 31 ± 0.1𝑚𝑚 respectively (table.2 

and fig. 1). The measured zone of inhibition thus indicates that nano encapsulated finish constantly leached 

out from the material by restricting the growth of the organism to a greater extent. 

Similarly the zone of inhibition exhibited in AATCC 147 test methods are also show excellent zone formation 

of 33±0.9𝑚𝑚, 34 ± 0.01𝑚𝑚, 32 ± 0.01𝑚𝑚 against Escherichia coli, Staphylococcus aureus and 

Pseudomonas aeruginosa. (Table 2 and fig. 1) 

Table 2. Anti bacterial activity of the finished fabric by EN ISO 20645 and AATCC 147. 

Test method Plant combination S.aureus E.coli Pseudomonas 

aeruginosa 

EN ISO 20645 Aerva lanata: Rosemary 32 ± 0.1 33±0.1 31 ± 0.1 

AATCC 147 Aerva lanata: Rosemary 34 ± 0.01 33±0.9 32 ± 0.01 
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Fig 1: Antibacterial activity of nano finishing of Aerva lanata and Rosmarinus combination  by EN ISO 20645 

standard method. Finished sample with control against (a) S.aureus (b) E.coli (c) Pseudomonas aeruginosa 

 

Fig 2: Antibacterial activity of nano finishing of Aerva lanata and Rosmarinus combination by AATCC 147 

standard methods. (a) S.aureus (b) E.coli (c) Pseudomonas aeruginosa 

 

The above test for anti bacterial efficacy EN ISO 20645 and AATCC 147 shows that the nano encapsulated 

poly herbal combination of Aerva lanata and Rosmarinus officinalis were able to inhibit the growth of 

bacteria in bamboo spunlace non woven fabric. 

3.3 Cytotoxicity assessment: 

As per ISO 10993:5 the nano finished poly herbal combination of Aerva lanata and Rosmarinus officinalis 

showed none cytotoxicity reactivity to L929 cells after 24 hours of contact. It was evaluated as 0% 

cytotoxicity and viability of the cells were >99.9% for 50𝜇𝑔, 75𝜇𝑔 𝑎𝑛𝑑 100𝜇𝑔 concentrations. Thus there is 

no toxicity in the nano herbal combinations at various concentrations. (Table 3 and fig. 2). 

Table 3. In vitro cytotoxicity analysis of the nano encapsulated sample in various concentrations. 

S.N

o 

Sample particulars 

Nano encapsulated combo 

Cytotoxicity   

(%) 

Cell viability 

(%) 

Cytotoxic 

reactivity 

1 Aerva lanata : Rosemary ( 50𝜇𝑔) 0 >99.9 None 

2 Aerva lanata : Rosemary ( 75𝜇𝑔 ) 0 >99.9 None 

3 Aerva lanata : Rosemary ( 100𝜇𝑔 ) 0 >99.9 None 

 
 

Fig.3 Cytotoxicity images of nano combination for three concentrations of the sample. (a) at 50𝝁𝒈 (b) at 75𝝁𝒈 (c) at 100𝝁𝒈. 

a b c 

a b c 

a b c d 
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4. CONCLUSION 

In the above study of nano encapsulated Aerva lanata and Rosmarinus officinalis combination finished 

bamboo spunlace fabric showed excellent zone of inhibition against gram positive and gram negative 

bacterias as there was good zone of inhibition exhibited by treated nonwoven fabric. This indicates that the 

nano herbal combination has considerably good antibacterial activity.  Adding to it, with its 0% cytotoxicity 

nature, this combination can be applied as a finish in the field of medical textiles particularly for wound 

dressings and hygiene textiles. 
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