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A ENTERPRISE Consultoria, desde 1984, pesquisa e contribui no
desenvolvimento de soluções tecnológicas para um mundo melhor,
através de parcerias nacionais e internacionais. Neste momento
crucial da humanidade, continuamos trabalhando com países como
Israel, EUA, China, Japão, Espanha, entre outros, com o objetivo de
trazer para o Brasil o que existe de melhor para uso na saúde, a fim
de ajudar no combate ao Coronavírus.
 
Em 2020, as pessoas se atentaram da importância da Ciência ao
enfrentar uma pandemia, um mal que atingiu todo o planeta e que
tem como única solução a formulação de uma vacina. O Coronavírus
está entre nós e precisamos de uma proteção que possibilite o
retorno de uma rotina "normal", enquanto a Ciência trabalha com a
vacina e remédios. Todos já conhecem a orientação básica de lavar as
mãos e usar máscaras, manter distância e evitar sair de casa. A
máscara se tornou um acessório indispensável e obrigatório em
empresas, escolas, shoppings, hospitais, ruas e demais ambientes, ou
seja, passou a ser peça fundamental na proteção do indivíduo em sua
rotina. Vários são os tipos de máscaras existentes no mercado e a
maior preocupação está nas suas características de proteção, no
tempo efetivo de uso e na sua capacidade de higienização, critérios
essenciais para o adequado manuseio. Em geral, o tempo máximo de
uso que garantirá sua efetiva proteção se verifica entre menos de
duas horas em máscaras de tecido ou algodão e chega a três horas nas
máscaras N95 ou cirúrgicas. Israel quebrou esta barreira! Cientistas
do país uniram a Ciência e a Tecnologia e desenvolveram um novo
tipo de tecido para a máscara, com proteção de: 98% de eficiência na
filtragem de partículas de 5 mícrons, de acordo com ASTM
F2299/F22993 e EM 14683:2019 standart; 99,99% de eficácia
antibacteriana (incluindo as resistentes a antibióticos), de acordo com
a ISO 20743 standart; e, 98,89% de eficácia antiviral, de acordo com a
ISO 18184 (2019).

O Tecido de Israel
como barreira a

Epidemias

Saiba mais sobre nossas soluções em nosso site enterpriseconsultoria.com

Para informações, ligue para (21) 2136.2306 ou consultoria@enterpriseconsultoria.com



As nanopartículas de óxido de zinco são altamente eficazes contra bactérias gram-
positivas e gram-negativas. O mecanismo de ação proposto e apoiado por
evidências experimentais pressupõe a formação de espécies reativas de oxigênio
(ROS) resultando em danos da membrana da parede celular bacteriana. Sendo
este um mecanismo não específico e que não envolve locais específicos de
ligação, implica que, concebivelmente, poderia se aplicar a vírus também. Além
disso, houve vários relatos na literatura recente de propriedades antivirais exibidas
pela ZnO NP em estudos "in vitro" em várias condições (1-5). Em geral, sais de
zinco de muitos tipos têm sido muito eficazes contra uma variedade de vírus em
estudos clínicos "in vitro", bem como em estudos clínicos humanos. Isso é
resumido em uma revisão recente.
 

1. Inibição da infecção pelo vírus da gripe H1N1 por nanopartículas de óxido de
zinco: outra aplicação emergente da nanomedicina. Hadi Ghaffari, Ahmad
Tavakoli, Abdolvahab Moradi, Alijan Tabarraei, Farah BokharaeiSalim,
Masoumeh Zahmatkeshan, Mohammad Farahmand, Davod Javanmard, Seyed
Jalal Kiani, Maryam Esghaei, Vahid Pirhajati-Mahabadi, Seyed Hamidreza
Monavari & Angila Ataei-Pirkooh Journal of Biomedical Science volume 26,
Artigo número: 70 (2019)

 
2. Efeitos profiláticos, terapêuticos e neutralizantes das estruturas tetrápodes
de óxido de zinco contra infecção pelo vírus herpes simplex tipo-2 Thessicar
Antoine, Yogendra K. Mishra, James Trigilio, Vaibhav Tiwari, Rainer Adelung,3
e Deepak Shukla Antiviral Res. 2012 Dez; 96(3): 363–375.

 
3. Óxido de zinco dietético de alta dose atenua infecção com vírus
gastroenterite transmissível em leitões. Chai W, Zakrzewski SS, Günzel D,
Pieper R, Wang Z, Twardziok S, Janczyk P, Osterrieder N, Burwinkel M. BMC
Vet Res. 2014 Mar 28;10:75.

 
4. Potencial virostático de micro-nano filopodia-like ZnO estruturas contra
herpes simplex vírus-1 Yogendra KumarMishra RainerAdelung ClaudiaRöhl
DeepakShukla FrankSpors VaibhavTiwari Antiviral Research Volume 92,
Edição 2, Novembro 2011, Páginas 305-312

 
5. Nanopartícula de óxido de zinco revestida de polietileno glicol: um
nanoweapon eficiente para lutar contra o vírus herpes simplex tipo 1. Tavakoli
A, Ataei-Pirkooh A, Mm Sadeghi G, Bokharaei-Salim F, Sahrapour P, Kiani SJ,
Moghoofei M, Farahmand M, Javanmard D, Monavari SH. Nanomedicine
(Lond). 2018 Nov;13(21):2675-2690. doi: 10.2217/nnm-2018-0089. Epub 2018
Out 22.
6. O Papel do Zinco na Imunidade Antiviral. Leia SA, Obeid S, Ahlenstiel C,
Ahlenstiel G. Adv Nutr. 2019 Jul 1;10(4):696-710
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As  máscaras  Sonomask ,  produzidas

em  Israel  pela  Sonovia ,  tiveram  sua

eficiência  comprovada  através  de

testes  realizados  em  laboratórios

internacionais ,  revelando  seu  poder

destrutivo  em  relação  a  vírus ,

bactérias  e  fungos .
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1. Objectives and scope of the study 

 

The main objective of the study and evaluation of 2 fabric samples provided by SONOVIA, which 

are coated with zinc through a sonochemical process, is to assess not only the antibacterial 

performance of each treated fabric but also the durability and washing resistance of the 

antibacterial properties provided by the zinc coating. 

 

To reach this goal, AITEX has set some standardised tests representative of the properties to be 

evaluated. It was agreed with SONOVIA to perform: 

• Up to 50 washing cycles (industrial conditions). The control sample was also included in 

the wash cycles as well. Detergent used: ECOS, as required by SONOVIA. 

• Antibacterial assessment, by ISO 20743 (S. aureus and E.coli), of the treated fabric at 0 

washes and 50 washing cycles.  

• Determination of zinc content, by ICP technique (EN 16711-1), of the treated fabric at 0 

washes, after 10, 20, 30, 40 and 50 washing cycles. 
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2. Description of samples 

 

Two different types of fabric samples were released to AITEX to perform the antibacterial study. 

Description of samples is as follows: 

 

KLOPMAN FABRIC 65/35 PES/ CO 145gsm, narrow band 11cm:  

• Original before treatment 

• Sample # trial 11 DITF - in lab machine (Germany) 1m'/min, 3' trial in double distilled water 

 

OFERTEX FABRIC 65/35 PES/ CO 100gsm: 

• Original before treatment 

• Sample 25.03.021.05 - in industrial machine, 5m'/min, in DI water  
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3. Description of the testing methods and the washing procedure 

 

Testing methods 

As explained in chapter 1 of this report, to assess the antibacterial performance of the fabric two 

different and complementary test methods were used: 

 

• ISO 20743. Textiles. Determination of antibacterial activity of textile products. 

• EN 16711-1. Textiles. Determination of metal content. Determination of metals using 

microwave digestion. 

 

In order to provide some comprehensible information to SONOVIA about these testing methods, 

mainly the determination of the antibacterial activity of textile products, a summary of both 

standards can be found below. 

 

ISO 20743. Textiles - Determination of antibacterial activity of textile products. 

Summary:  

This procedure specifies quantitative test methods to determine the antibacterial activity of 

antibacterial finished textile products including nonwovens, following absorption method. 

 

Absorption method is an evaluation method in which test bacterial suspension is inoculated 

directly onto samples during 18-24 hours of contact. These results should be compared with the 

results of control fabric. 

 

The control fabric must be the fabric to be tested but without antibacterial treatment. If it is not 

possible, then 100% cotton fabric without fluorescent brighteners or other finish. 

 

This procedure is applicable to all textile products, including cloth, wadding, thread and material 

for clothing, home furnishings and miscellaneous goods regardless of the type of antibacterial 

agent used (organic, inorganic, natural or man-made) or the method of application (built-in, after-

treatment or grafting). 

For measuring the enumeration of bacteria is used the colony plate count method. 

 

Description of the experimental procedure: 

1.- Incubation and Preparation of test inoculum  

The preparation of inoculum or bacterial suspension comprises following steps: 
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INCUBATION A 

Pick up the preserved stock bacteria from the storage container using an inoculating loop. Streak 

onto the plate of EA (enumeration agar) and incubate at 37 °C ± 2 °C for 24 h to 48 h. 

 

INCUBATION B 

Place 20 ml of the TSB (tryptone soya broth) into a 250 ml Erlenmeyer flask. Apply an inoculating 

loop to pick one colony up from the incubation A and inoculate it in the broth. Incubate under the 

following conditions: 

Temperature: 37 °C ± 2 °C 

Rate of shaking: 110 min−1 and 3 cm width 

Incubation time: 18 h to 24 h 

 

INCUBATION C 

Place 20 ml the TSB (tryptone soya broth)) into a 100 ml Erlenmeyer flask. Add 0,4 ml of the 

inoculum from the incubation B that contains 1x108 CFU/ml to 3x108 CFU/ml in bacteria 

concentration and incubate under the following conditions: 

Temperature: 37 °C ± 2 °C 

Rate of shaking: 110 min−1 and 3 cm width 

Incubation time: 3 h ± 1 h 

Target CFU concentration after incubation: 107CFU/mL 

NOTE: The prepared inoculum is preserved by ice-cooling and used within 8 hours. 

  

PREPARATION OF TEST INOCULUM 

Adjust the bacteria to a concentration of 1×105 CFU/ml to 3×105 CFU/mL by spectrophotometer 

or McFarland’s nephelometer 

NOTE The prepared inoculum is preserved by ice-cooling and used within 4 h. 

 

2.- Preparation of test samples 

Obtain test pieces with a mass of 0,40 g ± 0,05 g and cut to a size suitable for test samples. 

Obtain six test samples of control fabric and six test samples of antibacterial treatment. 

NOTE: Three of the control fabric samples and three of the antibacterial-treated samples are used 

for zero time, immediately after inoculation. The remaining samples are used for contact time, 

after 18 h to 24 h incubation. 
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As a control fabric it should be used the same fabric without antibacterial treatment. 

Place each of the test samples into separate petri plates of 55mm. 

If the test sample is a fabric that tends to curl easily, or if it contains wadding or down, place some 

glass pearls onto the sample in the petri plate.  

When necessary, test samples may be washed according to ISO 6330. 

When necessary, sterilize test samples by autoclave according to following procedure: 

1) Cover the upper portion of the vials containing the test samples with aluminium foil. 

2) Place the covered vials in a metal wire basket for autoclaving. 

3) Wrap the vial caps with aluminium foil and place them into the wire basket. 

4) Sterilize the caps and the vials containing the test samples by autoclave at 121°C and 103 

kPa for 15 min to 20 min.  

5) After sterilization, remove the aluminium foil and allow the test samples in the vials to dry for 

60 min or more by placing them on a clean bench or any other place where there is no risk of 

airborne contamination. 

6) Securely tighten the vial caps. 

When autoclaving is not possible, sterilization may be accomplished by UV lamps exposition. 

 

3.- Test operation 

INOCULATION OF TEST SAMPLES 

Accurately pipette 0,2 ml of the inoculum prepared at several points on each test sample prepared 

to ensure that no inoculum touches the surface of the vial and tighten the cap. 

 

SHAKE-OUT AFTER INOCULATION 

Immediately after inoculation, take samples referenced as “zero time” T0, and: 

- Insert the inoculated specimen into a stomacher bag, which will be suspended in specific 

support for them. 

- Add 20mL of SCDLP and seal the bag. 

- Put in the stomacher during 1 min each face of the bag al 260rpm 

- Inoculate the obtained extract with spiral plater on a petri plate of EA. 

- Let the plates rest until the liquid is absorbed by the agar. 

- Invert the plates and put them in the incubator at 37±2ºC for 18 to 24 hours. 

 

INCUBATION 

Immediately after inoculation, take samples referenced as “contac time”, set the petri plates with 

parafilm and put them in the incubator at 37±2ºC for 18 to 24 hours. 
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SHAKE-OUT AFTER INCUBATION  

After the incubation period Tt, proceed to extract the sample as follow: 

- Insert the specimen into a stomacher bag, which will be suspended in specific support for 

them. 

- Add 20mL of SCDLP and seal the bag. 

- Put in the stomacher during 1 min each face of the bag al 260rpm 

- Inoculate the obtained extract with spiral plater on a petri plate of EA. 

- Let the plates rest until the liquid is absorbed by the agar. 

Invert the plates and put them in the incubator at 37±2ºC for 18 to 24 hours. 

 

CALCULATION OF NUMBER OF BACTERIA 

After incubation, proceed to obtain the number of bacteria. 
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Schematic procedure of the ISO 20743 testing method: 
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EN 16711-1. Textiles. Determination of metal content. Determination of metals using microwave 

digestion. 

This European Standard specifies a procedure for determination of metals, in particular antimony 

(Sb), arsenic (As), cadmium (Cd), chromium (Cr), cobalt (Co), copper (Cu), lead (Pb), mercury 

(Hg), nickel (Ni) in natural and man-made textiles, including coated fabrics and garment 

components (e.g. buttons, zips, etc.) after microwave digestion. Other metals like silver (Ag), zinc 

(Zn), titanium (Ti) can also be determined in the same way. 

 

Determination is performed by ICP-MS analysis, and results are expressed in ppm (parts per 

million) or mg/kg (w/w), both are equivalent. 

 

  



 

 

 

 

 

 

ANTIBACTERIAL ASSESSMENT OF FABRIC SAMPLES COATED WITH A SONOCHEMICAL PROCESS BASED ON ZINC 

 SONOVIA Ltd. 08/08/2019 

11 
 

Washing procedure (general procedure) 

It’s also important to pay attention to the washing procedure and washing conditions, as durability 

of a finishing coating on a fabric is in direct relation with it. Fabric sample with Zn content was 

washed under these conditions:  

 

• Based on the procedures described on ISO 15797. Textiles - Industrial washing and 

finishing procedures for testing of workwear. 

• Type of detergent used and concentration: ECOS detergent (as used in SONO project), 

with pH = 7,80. 4 g/l. 

• Total water volume: 20 l. 

• Washing temperature: 75ºC. 

• Total washing time: 25 minutes (5 min pre-heating + 15 min washing + 3 min rinse process 

without detergent + 1 min drain + 1 min spin cycle). 
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4. Results 

 

First part of this chapter is referred to the antibacterial testing of different textile samples. After 

testing using ISO 20743 method, results obtained were as follows (S. aureus and E. coli were the 

most important bacteria tested): 

 

KLOPMAN samples 

 

SAMPLE REFERENCE Staphylococcus 

aureus 

E. coli 

KLOPMAN FABRIC ORIGINAL 

BEFORE TREATMENT 

0,88 0,35 

KLOPMAN FABRIC ORIGINAL 

BEFORE TREATMENT, 50W 

0,38 0,42 

Sample # trial 11 DITF 0W  

(on KLO FABRIC) 

5,50 5,36 

Sample # trial 11 DITF 50W  

(on KLO FABRIC) 

3,35 0 

 

It’s important to remark that any significative antibacterial activity was found in the KLOPMAN 

FABRIC ORIGINAL BEFORE TREATMENT sample. This is important, as it ensures this fabric is 

suitable for working with compounds which provide antibacterial activity (it avoids false results). 

 

Treated Sample # trial 11 DITF 0W (without washing) provides strong antibacterial activity against 

S. aureus and E. coli. However, after 50 industrial washing cycles, only significative antibacterial 

performance against S. aureus was observed. 
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OFERTEX samples 

 

SAMPLE REFERENCE Staphylococcus 

aureus 

E. coli 

OFERTEX FABRIC ORIGINAL 

BEFORE TREATMENT 

0,09 0,46 

OFERTEX FABRIC ORIGINAL 

BEFORE TREATMENT, 50W 

1,02 0,46 

Sample 25.03.021.05  

0W (on OFERTEX FABRIC) 

5,96 5,36 

Sample 25.03.021.05  

50W (on OFERTEX FABRIC) 

0 0 

 

Again, any significative antibacterial activity was found in the OFERTEX FABRIC ORIGINAL 

BEFORE TREATMENT sample. 

 

Treated Sample 25.03.021.05 0W (without washing) provides strong antibacterial activity against 

S. aureus and E. coli. However, after 50 industrial washing cycles, no antibacterial performance 

was observed. 

 

Durability of the antibacterial performance is in relation with the zinc content. Next tables below 

shows the results (in w/w) for zinc content (by EN 16711-1) in the treated and treated+washed 

samples. 

 

KLOPMAN samples 

 

SAMPLE REFERENCE Zn content, 

mg/kg (w/w) 

KLOPMAN FABRIC ORIGINAL BEFORE TREATMENT < 25 

Sample # trial 11 DITF 0W (on KLO FABRIC) 7046 

Sample # trial 11 DITF 10W (on KLO FABRIC) 2189 

Sample # trial 11 DITF 20W (on KLO FABRIC) 1244 

Sample # trial 11 DITF 30W (on KLO FABRIC) 1080 

Sample # trial 11 DITF 40W (on KLO FABRIC) 860 

Sample # trial 11 DITF 50W (on KLO FABRIC) 423 
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OFERTEX samples 

 

SAMPLE REFERENCE Zn content, 

mg/kg (w/w) 

OFERTEX FABRIC ORIGINAL BEFORE TREATMENT 45 

Sample 25.03.021.05 0W (on OFERTEX FABRIC) 7539 

Sample 25.03.021.05 10W (on OFERTEX FABRIC) 1209 

Sample 25.03.021.05 20W (on OFERTEX FABRIC) 768 

Sample 25.03.021.05 30W (on OFERTEX FABRIC) 436 

Sample 25.03.021.05 40W (on OFERTEX FABRIC) 211 

Sample 25.03.021.05 50W (on OFERTEX FABRIC) 36 

 

Decrease of the zinc content is fast in the first 10 industrial washing cycles (10W), as loss of metal 

taking as reference the treated sample at 0W is quantified in 69% (for KLOPMAN treated sample) 

and 84% (for OFERTEX treated sample), respectively. 

 

More zinc is found in the OFERTEX treated sample at 0W (7539 mg/kg) than the KLOPMAN 

treated sample (7046 mg/kg).  

However, durability of the sonochemical treatment is higher in the KLOPMAN treated samples 

than the OFERTEX samples: 

• Sample # trial 11 DITF 50W (on KLO FABRIC), 423 mg/kg. 

• Sample 25.03.021.05 50W (on OFERTEX FABRIC): 36 mg/kg. 

 

 



 

Zinc oxide nanoparticles are highly effective against gram-positive and gram-negative 
bacteria. The mechanism of action that has been proposed and supported by experimental 
evidence assumes the formation of reactive oxygen species (ROS) resulting in damage of the 
bacterial cell wall membrane. Sine this is a non-specific mechanism and does not involve 
specific binding sites, it implies that conceivably it could apply to viruses as well. Moreover, 
there have been various reports in the recent literature of antiviral properties exhibited by 
ZnO NP in “in-vitro” studies under various conditions1-5. In general, Zinc salts of many kinds 
have been very effective against a variety of viruses in “in vitro” as well human clinical 
studies. This is summarized in a recent review6 

 

1. Inhibition of H1N1 influenza virus infection by zinc oxide nanoparticles: another emerging 
application of nanomedicine. 
Hadi Ghaffari, Ahmad Tavakoli, Abdolvahab Moradi, Alijan Tabarraei, Farah Bokharaei-
Salim, Masoumeh Zahmatkeshan, Mohammad Farahmand, Davod Javanmard, Seyed Jalal 
Kiani, Maryam Esghaei, Vahid Pirhajati-Mahabadi, Seyed Hamidreza Monavari & Angila 
Ataei-Pirkooh  
Journal of Biomedical Science volume 26, Article number: 70 (2019) 
 

2. Prophylactic, therapeutic and neutralizing effects of zinc oxide tetrapod structures against 

herpes simplex virus type-2 infection 
Thessicar Antoine, Yogendra K. Mishra, James Trigilio, Vaibhav Tiwari, Rainer 
Adelung,3 and Deepak Shukla 

Antiviral Res. 2012 Dec; 96(3): 363–375. 
 

3. High-dose dietary zinc oxide mitigates infection with transmissible gastroenteritis virus in 

piglets. 
Chai W, Zakrzewski SS, Günzel D, Pieper R, Wang Z, Twardziok S, Janczyk P, Osterrieder 

N, Burwinkel M. 

BMC Vet Res. 2014 Mar 28;10:75.  

 

4. Virostatic potential of micro–nano filopodia-like ZnO structures against herpes simplex 
virus-1 
Yogendra KumarMishra RainerAdelung ClaudiaRöhl DeepakShukla FrankSpors VaibhavTiwari 

Antiviral Research 

Volume 92, Issue 2, November 2011, Pages 305-312 

https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0563-4#auth-1
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0563-4#auth-2
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https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0563-4#auth-9
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0563-4#auth-9
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0563-4#auth-10
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0563-4#auth-11
https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0563-4#auth-12
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https://jbiomedsci.biomedcentral.com/articles/10.1186/s12929-019-0563-4#auth-13
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Mishra%20YK%5BAuthor%5D&cauthor=true&cauthor_uid=23047013
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https://www.ncbi.nlm.nih.gov/pubmed/?term=Shukla%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23047013
https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=23047013
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Test report No.: OS-19-014491-2 

Date: June 14, 2019 
 

TEST REPORT 
 

Requested : KG MARK co., LTD. 
Test sample : Fabric 1 sample 
Test items : Antibacterial activity 
Received : June 4, 2019 
 

This is to report that the results of laboratory test applied on the sample are as follows: 
 

1. Test results 
 
1. 1  Staphylococcus aureus 

No.                    Sample 

Common logarithm
for the number of bacteria (max-min) Antibacterial 

activity value Immediately 
after inoculation

After 18h 
incubation 

① Sonovia scale up ZnO fabric 
After 50-cycle 

washing 
4.49(0.1) 1.30(0.0) 5.7 

Control fabric 4.49(0.0) 6.99(0.1) Growth value
F:2.5

 
1. 2  Klebsiella pneumoniae 

No.                    Sample 

Common logarithm
for the number of bacteria (max-min) Antibacterial 

activity value Immediately 
after inoculation

After 18h 
incubation 

① Sonovia scale up ZnO fabric 
After 50-cycle 

washing 
4.49(0.0) 3.57(1.5) 3.9 

Control fabric 4.50(0.1) 7.44(0.0) Growth value
F:2.9

 
(To be continued on No.2/2) 
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No.2/2 
Test report No.: OS-19-014491-2 

Date: June 14, 2019 
 

TEST REPORT 
(Continued from No.1/2) 

 
1. 3  Methicillin resistant Staphylococcus aureus 

No.                    Sample 

Common logarithm
for the number of bacteria (max-min) Antibacterial 

activity value Immediately 
after inoculation

After 18h 
incubation 

① Sonovia scale up ZnO fabric 
After 50-cycle 

washing 
4.55(0.1) 2.17(1.1) 4.9 

Control fabric 4.54(0.1) 7.05(0.1) Growth value
F:2.5

 
2. Test method: JIS L 1902:2015 (Absorption method) 

Test bacteria : Staphylococcus aureus NBRC 12732 
Klebsiella pneumoniae NBRC 13277 
Methicillin resistant Staphylococcus aureus IID 1677 

Test bacteria suspension: prepared with surfactant (Tween 80) 
Washing : Washing method of SEK mark textile products,  

established by Japan Textile 
 

 
3. Sample:  
        ① 
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Abstract Hospital-acquired nosocomial infections

are a major health, and consequently financial issue, in

the world healthcare system. The problem of bacterial

infections in general, and in hospitals in particular, has

led to extensive scientific and industrial efforts to

fabricate antibacterial textiles. A sonochemical coat-

ing machine was developed and built and its ability to

coat antibacterial nanoparticles (NPs) onto 40–50

meter length of materials on a roll to roll basis at a

speed of 22 cm/min. Cotton coated sonochemically

with copper oxide nanoparticles (CuO NPs) was found

to maintain its antibacterial properties even after 65

cycles of washings according to hospital protocols of

hygienic washing (75 �C). This demonstrates the good

quality and high stability of this sonochemically

produced NPs coating on textiles. Durable antibacte-

rial textiles such as these may be suitable for wide

spread use in future hospital environments where

hygiene control is of paramount importance.

Keywords Sonochemistry � Antibacterial

nanoparticles � Copper oxide � Coating method

Introduction

Hospital-acquired nosocomial infections are a major

health, and consequently financial, issue in the world

healthcare system. The financial impact of these

infections counteract medical advances and increase
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Textile Research Institute, AITEX, Plaza Emilio Sala,

1, 03804 Alcoy, Spain

e-mail: mblanes@aitex.es

K. Mollá
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the cost of medical care by increasing the length of

hospital stay by at least 8 days on average per affected

patient (http://www.healthfirsteurope.org/index.php?

pid=82). This adds more than 30 million patient days

in hospitals around the world each year (Branger et al.

2005).

The problem of bacterial infections in general, and

in hospitals in particular, has led to extensive scientific

and industrial efforts to fabricate antibacterial textiles.

Since silver has been known as antibacterial agent for

generations, the early stages of R & D have centered

on its use. With the progress of nanotechnology Ag

NPs were extensively studied for their antibacterial

properties (Aymonier et al. 2002). Silver-containing

products can already be found on the healthcare

market. For example, Smith and Nephew produce a

composite multi-layered product under the trade name

ACTICOATTM. This wound care product is composed

of three layers—a layer of polyethylene film, a middle

layer of rayon/polyester blend non-woven fabric, and a

third film layer. Nano-crystalline silver particles are

deposited on the film layers to provide the antimicro-

bial effect. However, this technology has faults as the

fabric tends to release large amounts of silver initially,

often in the form of flakes that may enter the wound

and cause irritation.

Another example of this is a highly porous, silver-

impregnated charcoal cloth, sandwiched between two

nylon non-woven layers marketed by Johnson &

Johnson under the trademark ACTISORB.RTM.

It is known that metallic copper and copper

complexes have been used to disinfect liquids, solids,

and human tissue for centuries (Dollwet and Sorenson

1985; Grace et al. 2009; Chattopadhyay and Patel

2010). However, as far as we know, there are not many

publications on the production and application of the

copper-textile composite with the exception of that of

Gabbay and co-workers (Gabbay et al. 2006). They

describe that the copper-impregnated fibers of cotton

and polyester containing 10 %wt Cu demonstrated

significant antifungal and antimicrobial properties.

They performed the impregnation of copper oxide in

the cotton fibers by a multi-phase soaking procedure,

and in the polymer fibers, the copper oxide was

inserted during the master batch preparation stage

using the preliminary synthesized copper oxide

powder.

The preferred coating technique in most scientific

and industrial examples is the direct impregnation of

textiles in the reactant solution. Other methods such as

chemical vapour deposition (CVD) have also been

used for depositing silver NPs on textiles (Foster et al.

2010). Recently there has been a shift from the use of

silver to other NPs as a result of the FDA’s attitude

reducing the permitted amount of nanosilver to be

used in medicine and health care products. The most

promising alternatives for silver NPs are metal oxides,

such as MgO, ZnO, CuO, and TiO2.

Sonochemistry has been proven as an excellent

technique for surface coating NPs on ceramic, poly-

meric, metallic, glass, textiles, and even paper (Kotl-

yar et al. 2007; Gedanken et al. 2011; Perkas et al.

2007). We have demonstrated that the metal oxides

can be deposited on cotton, PE (polyester), Nylon and

their mixtures as well as on nonwoven materials

(Perelshtein et al. 2008).

For ZnO, a good level of antibacterial efficacy has

been shown, and it has been demonstrated that there is

no leaching of the NPs to the environment during

washing (Perelshtein et al. 2009).

In our view the hospital of the future will replace

conventional fabrics that are currently used (bed

sheets, doctor aprons, pajamas, curtains, pillow cov-

ers) with antibacterial textiles. To be successfully

incorporated into all of these applications the antibac-

terial properties of the coated textiles must be durable

enough to withstand many washing cycles. The

washing carried out in hospitals is generally aggres-

sive and is conducted at high temperatures in order to

maintain adequate levels of hygiene.

We have already published an article (Gedanken

et al. 2011) describing a pilot machine that can

sonochemically coat NPs, roll to roll, onto 40–50 m

length of textiles at a speed of 22 cm/min. In this study

we have coated CuO NPs on cotton. CuO was chosen

because its Ksp * 10-21 (at room temperature) is

much smaller than that of ZnO (10-12). The lower

value of the Ksp leads to smaller amount of ions that

are removed from the surface during the washing

cycles.

Experimental

Materials

Bleached woven 100 % cotton fabric (145 g/m2) was

used in the current study. Cu(CH3COO)2•H2O and

1216 Cellulose (2013) 20:1215–1221
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aqueous solution of ammonia (28 % wt) were pur-

chased from Aldrich and used without further

purification.

The roll to roll coating of CuO on cotton fabric

Strips of cotton (10 meter long and 10 cm wide) were

coated with CuO NPs using a roll to roll feed with a

machine that has been described elsewhere (Abramov

et al. 2009). In Fig. 1 the photo image of the pilot

installation during the coating of the cotton by CuO is

presented. The front panel was open to show the

change in the color of the fabric after coating with

CuO nanoparticles. In the inset one can observe that

with the deposition of CuO nanoparticles the color of

the textiles was changed from white to brown. The

configuration of the sonochemical coating machine

allows coating of both sides of substrate.

The methodology used for the CuO coating process

has also been described previously (Gedanken et al.

2011). Briefly, 8.0 g of Cu(CH3COO)2•H2O was

dissolved in 380 ml of DDW, and 3.6 liters of ethanol

was added to the aqueous solution. The solution was

heated to 55 �C using the sonotrodes, and 20 ml of

ammonia (28 % wt.) was added dropwise until a pH of

8 was reached. At this stage the fabric was passed

through the solution. The fabric speed was 22 cm/min.

In order to keep the concentration of CuO constant

along the coated fibers, 10 % of the initial concentra-

tion of the precursor was added to the reaction slurry

every 10 min during the reaction. In this way new

nanoparticles were formed, and a regular coating and a

constant amount of CuO was immobilized on the

cotton bandage. The XRD analysis of the coated

bandage demonstrates that the copper oxide is crys-

talline in nature, and the diffraction peaks match very

well with the PDF file 80–1916.

Antimicrobial test

The antibacterial performance of the textiles was

measured using the absorption method from BS EN

ISO 20743:2007 (BS EN 20743:2007). Samples of

CuO coated fabric (test fabrics) and uncoated fabric

(plain cotton control) were cut into pieces weighing

0.40 ± 0.05 g. Prior to testing these samples were

sterilized in covered glass universals by autoclaving

them for 15 min at 121 �C and 103 kPa. The suspen-

sions of bacteria used for inoculating the fabrics were

prepared as follows. Overnight cultures of bacteria

were grown in nutrient broth (NB, Oxoid) at 37 �C and

110 rpm. Following this incubation, a 0.4 ml aliquot

of the overnight culture was transferred to 20 ml of

fresh nutrient broth and incubated for 3 h at 37 �C and

110 rpm. The 3 h culture was then serially diluted

threefold in dilute nutrient broth (1 in 20 dilutions in

water) and the concentration of bacteria in the

suspension was adjusted to be between 1 9 105 and

3 9 105 colony forming units per ml (CFU/m). For

each bacterial strain, 6 pieces of the control fabric and

6 pieces of the test fabric were inoculated with 0.2 ml

of the dilute bacterial suspension. Each 0.2 ml of

suspension was slowly added drop wise to each piece

of fabric in order to allow it to be fully absorbed.

Following the inoculation step, 3 of the control

samples and 3 of the test samples were placed in an

incubator at 37 �C in capped vials. The remaining 3

control and 3 test samples were immediately mixed

with 20 ml of neutralizing medium (SCDLP). The

resulting suspensions of bacteria were serially diluted

in NB. 1 ml of each dilution was mixed with 17 ml of

molten plate count agar (PCA, Oxoid) and allowed to

set in a sterile Petri dish. All plating was carried out in

duplicate. These agar plates were then incubated for

24 ± 4 h at 37 �C. After this incubation the number of

colonies on the plates were counted and the inoculum

cell density was calculated (CFU/ml). The remaining 3

control and 3 test pieces were incubated with the

absorbed bacterial suspensions for between 18 and

24 h at 37 �C. After this incubation the fabrics were

washed out with SCDLP and plated out as described
Fig. 1 Photo image of the pilot installation. In the inset of the

figure the CuO coated and uncoated spools are shown
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above. The number of colonies on these plates was

used to calculate the growth values on the control and

test fabrics.

The antibacterial efficiency value (A) was calcu-

lated using the following formula:

A = F � G ð1Þ

where F = growth value on the control fabric sample

(log10 CFU/ml post incubation—log10 CFU/ml prior

to incubation). G = growth value on the treated fabric

samples.

Antibacterial tests were carried out using the

following bacterial strains: Staphylococcus aureus

ATCC 6538, Methicillin-resistant S. aureus (MRSA)

NCTC 10442, Acinetobacter baumannii NCTC

10303, Pseudomonas aeruginosa ATCC 15442 and

Escherichia coli ATCC 8739.

Characterization

The coated cotton fabric was sent to a commercial

company which carried out the washings according to

standard hospital practices at 75 �C using an ECOS

detergent (Free & Clear Liquid Laundry Detergent/

Earth Friendly Products, USA). For textile washing

the European standard EN ISO 6330 ‘‘Textiles—

Domestic washing and drying procedure for textile

testing’’ was applied. The CuO content on the textile

was determined by inductive coupled plasma ICP

(ULTIMA JY2501) and SEM (FEI) after a series of

sequential of washing cycles.

The protocol for preparation of the coated samples

for ICP analysis is as follows: The CuO coated cotton

was placed in 10 ml 0.5 N HNO3 and heated for

20 min. The copper oxide coating is dissolved by the

acid. In the next stage 50 ml of H2O is added and the

solution is heated up for 20 additional minutes. Then,

5 ml of the solution is taken for the ICP analysis, for

detection of the concentration of Cu?2 ions in the

solution.

Results and discussion

Amount of CuO on cotton after washing cycles

The initial amount of CuO on fabrics was measured by

ICP and was found to be *0.7 % (wt%). In Fig. 2 the

amount of CuO retained on the washed fabric as a

function of the number of washing cycles as deter-

mined by ICP is presented. The error of the ICP

method is around 8 %. A main decrease in the amount

of coating occurs after 15 cycles of washing. Addi-

tional cycles don’t affect significantly on the amount

of the well deposited coating. Although, the amount of

CuO after 65 cycles was reduced by half, we have

already demonstrated in our previous study (Perelsh-

tein et al. 2009), that this is not due to the leaching of

nanoparticles. According to our explanation, the

reduction in the amount of CuO on the fabric is due

to the dissolution of Cu?2 ions in the washing solution.

The slight solubility of CuO can be explained by the

very low Ksp of CuO (*10-21 at room temperature)

that dictates a very low concentration of Cu?2 in the

solution. The washing in industrial washing machines

is carried out at a high temperature (75 �C) that has led

to an increase in the solubility of the copper.

Morphology of the coated textiles after washings

To substantiate the ICP measurements, and demon-

strate that the CuO NPs are retained on the cotton

fabric after washing SEM measurements were carried

out. The SEM images of cotton after 65 cycles

illustrated in Fig. 3, indicate that the fibers are coated

with NPs. The inset in Fig. 3 shows the coated fabric

under higher magnification. A homogeneous mono-

dispersed coating is observed with particles ranging in

size from 20 to 50 nm. The particle size of the CuO

NPs after the deposition was observed to be

60–80 nm, a few larger aggregates were also

observed. It appears that the washing cycles and

consequent dissolution of Cu has led to the reduction

of the particle size and the elimination of aggregates.
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Fig. 2 Effect of number of washing cycles on the CuO content

on the fabrics

1218 Cellulose (2013) 20:1215–1221

123



We have already shown that the particle size has a

major effect on the antibacterial properties (Applerot

et al. 2009), and smaller NPs kill the bacteria more

efficiently. It is therefore not surprising that the results

obtained after washing were as good despite the loss of

copper as measured by ICP.

One of the most efficient techniques available for

the coating substrates in terms of stability is sono-

chemistry. This is due to the chemistry associated with

acoustic cavitation collapse near to surfaces. This

generates powerful shock waves and microjets that

cause effective stirring and mixing of the liquid layer

next to the surface (Suslick 1989).In our case, the

ultrasonic waves promote the fast migration of the

newly-formed metal oxide nanoparticles to the fabric

surface. The coating is not based on the creation of

chemical bonds between the surface and the metal

oxides but rather due to the physical impregnation of

the NPs. This physical phenomenon is a result of the

conditions developed by ultrasound irradiation.

Antibacterial results

In Fig. 4 the antibacterial activity of the CuO coated

cotton against 5 different bacterial species is shown.

An excellent level of antibacterial activity was

observed against each of the test bacterial species. In

each case a greater than five log reduction in bacterial

numbers on CuO coated cotton compared to plain

cotton control samples was observed. In tests of ZnO

coated cotton, antibacterial activity levels were less

than one for P. aeruginosa and A. baumannii, between

3 and 4 for S. aureus and MRSA and greater than 5 for

E. coli.

The antibacterial efficacy levels of the CuO coated

cotton against S. aureus following 0, 5 and 65 washing

cycles is shown in Fig. 5. The levels of activity

observed were very high in all cases with a greater than

4 log reduction in bacterial numbers on CuO coated

cotton compared to uncoated plain cotton. Although

there was some decrease in antibacterial activity after

65 wash cycles the level was still well above the

minimum acceptable antibacterial activity level of 2.

The antibacterial activity levels of the fabrics

against the Gram-negative bacterium E. coli, as

indicated in Fig. 6, were not as good as against S.

aureus (which is a Gram-positive bacterium). The

antibacterial activity decreased after each set of 20

wash cycles by nearly 60 %. After 25 washes the

fabrics had a good level of antibacterial activity, but

this decreased to a poor value (0.5) after 65 wash

cycles. The two species of bacteria differ in that E. coli

has a second outer lipid membrane. Once the antibac-

terial activity of the fabrics has been reduced by

washing, this extra barrier layer may be enough to

protect E. coli from the membrane damaging effects of

the nanoparticles (Borkow and Gabbay 2005). The

mechanism of the antimicrobial activity of metal

Fig. 3 SEM of CuO coated cotton following 65 wash cycles. The inset image was taken in a higher magnification (MAGX50 K)
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oxides is based not only on the amount of the coated

material but also on the particles’ size and the

production of reactive oxygen species (ROS) that are

generated from the metal oxides nanoparticles (BS EN

20743:2007). The amount of coating after 25 and 65

cycles is found to be almost the same, and sufficient for

the inhibition of S. aureus after 65 washing cycles, but

not of E. coli. The explanation for the reduced killing of

E.coli, despite the presence of the same amount of NPs

on the fabric, might be because the production of ROS

species after repeating washings is decreased and not

enough ROS are formed for the inhibition of bacterium

having 2 lipid membrane structures.

The sonochemical coating process is an ‘‘in situ’’

process in which the NPs are formed and subsequently

deposited on the surface. The strong adherence of the

NPs to the fabric is thought to be due to a local melting

of the fibers at the contact sites—essentially a sort of

‘‘welding’’. This melting is the result of the very high

speeds at which the NPs are propelled under ultrasonic

irradiation. The NPs are effectively embedded in the

fabric and are resistant to removal by the washing

cycles. The only loss appears to be due to the

dissolution of Cu?2 ions which is very small even at

75 �C (see the above discussion).

Conclusions

The results presented here show that by application of

a sonochemical coating technology it is possible to

produce antibacterial fabrics that are durable enough

to withstand 65 wash cycles under hospital washing

conditions. This was demonstrated for CuO NPs

deposited on cotton. Very good levels of antibacterial

efficacy were observed for CuO coated cotton against

a range of bacterial species. The antibacterial efficacy

values post washing were found to vary with the

species of bacteria used for testing. After washing the

fabric proved to be much more effective against the

Gram-positive bacterium S. aureus than the Gram-

negative bacterium E. coli. The existence of CuO on

the cotton, after the long washings cycles, was also

probed by ICP and SEM studies. The durability of

alternative metal oxide NPs on other fabric types is

under investigation.
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