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Abstract 

The use of antimicrobial agents on fabrics has a very long history. Although several 

classes of antimicrobial agents (such as phenols, halogens, quaternary ammonium 

salts and metal salts) have been developed for textiles, most of them are toxic. The 

aim of our study was to treat polyester and cellulose-polyester fabrics with allicin-

conjugated nanocellulose. These fabrics were characterized by scanning electron 

microscopy, X-ray diffraction and Fourier transform infrared spectroscopy. The 

antibacterial ability of treated fabrics was also determined by AATCC method 100-

1993. The results showed both treated fabrics had significant antibacterial activity 

against Staphylococcus aureus. It can be concluded that allicin-conjugated 

nanocellulose can be attached to polyester and cellulose-polyester fabrics to create 

a stable antibacterial property. 

The use of antimicrobial agents on fabrics has been started from centuries ago. In 

recent years, antimicrobial textiles have gained much more attention from both 

academic researchers and textile industries. Self-sterilizing fabrics have potential 

benefits to reduce diseases which transfer among hospital populations and other 

groups [1, 2]. It has long been known that microorganisms can grow on textiles and 

fabrics. They provide an excellent medium for transfer and propagation of infection-

causing microbial species due to their characteristics and proximity to the person's 

body [3]. Fabrics made from natural fibers are more suitable for growth of 

microorganisms than synthetic fibers, because their hydrophilic structure keeps 

water, oxygen, and nutrients. They provide a perfect environment for bacterial 

growth. A way to prevent microbial degradation of fabrics, limit the occurrence of 

bacteria, and protect microbial agents, is the treatment of the fabric with 

antimicrobial compounds. Different classes of antimicrobial agents have been 

developed for textiles, such as phenols, halogens, quaternary ammonium salts and 

metal salts. These materials are toxic and allergenic, and cannot be used for long 

periods. There are many ways by which antimicrobial properties can be imparted to 



 

 

textiles, including interpolation of antimicrobial agents directly into fibers, 

adsorption of antimicrobials onto fiber surfaces, immobilization of antimicrobials on 

fibers by ion or covalent linkages, etc. [4] Some non-toxic natural products can inhibit 

the growth of microorganisms and can be considered for use in textiles [5]. For 

example, Garlic (Allium sativum) is able to inhibit not only bacteria, but also fungi 

and viruses [6]. Allicin [S-(2-propenyl) 2-propene-1-sulfinothioate], which is one of 

the active ingredients of freshly-crushed garlic homogenates, is a natural 

antimicrobial agent. Moreover, it is anti-oxidant, anti-carcinogen, anti-inflammatory, 

anti-genotoxic, immuno-modulatory and anti-thrombotic[7]. Allicin is a foremost 

component in garlic generated by the enzyme alliinase, through its action on amino 

acid alliin [8, 9, and 10]. Based on previous studies, allicin-conjugated nanocellulose 

has antimicrobial activity [11, 12]. The first aim of this study was to attach allicin-

conjugated nanocellulose on polyester and cellulose-polyester fabrics. The next 

purpose of this study was to evaluate their antibacterial property. 

In this study cellulose, N-ethyl-N-(dimethylaminopropyl) carbodiimide (EDC) and 

Aminopropyl triethoxysilane (APTES), nitric acid, sulfuric acid, amine allicin, sodium 

hydroxide, and dimethyl sulfoxide (DMSO) were used. 

 
FTIR analysis 

The typical absorption peaks of raw polyester fabric were shown to be at 2958.75, 

1736.65, 1687.84, 1505.25, 1410.09 and 1093.01 cm-1 related to the stretching of C–

H, C=O (carboxylic acid), C=O (carbonyl amid), C–C, C=C, and C–O–C, respectively 

[13,6,14,15]. The specific absorption peaks of conjugated polyester fabric were 

shown to be at 1735 cm−1 and 1687.32 cm−1 due to C=O (carboxylic acid) and C=O 

(carbonyl amid). The typical absorption peaks of raw cellulose-polyester fabric were 

shown to be at 3430.14, 2941.58, 1703.12, 1409.9, 1341.85, 1265.84 and 

1009.66 cm−1 related to the stretching of O-H, C-H, –C=O (carboxylic acid), C=C,(H-C-

C, H-C-O and H-O-C), C-O, and C-C bending, respectively. The specific absorption 

peaks of conjugated cellulose-polyester fabric were shown to be at 1734 cm−1 due to 

C=O (carboxylic acid). 

 

XRD studies (crystalline structure) 

There are strong peaks for polyester and cellulose-polyester fabrics finished by 

allicin-conjugated nanocellulose at 17.56° and 22.46° respectively, which are related 

to the crystalline phase. 

 

SEM 

Significant differences are observed between raw fabrics and conjugated fabrics; the 

former has approximately smooth surface and is uniform, whereas the latter is 



 

 

rough, which is related to the nanocellulose conjugated with allicin mounted onto 

the surface of the fabric. 

 
Antibacterial activities 

This research showed that the conjugation could induce antibacterial activity against 

S. aureus. 

 
References 

1. Ackart, W.B., Camp, R.L., Wheelwright, W.L., Byck, J.S: Antimicrobial Polymers. 

Biomedical Materials Research(1975), 9, 55-68. 

2. Varesano, A., Vineis, C., Aluigi, A., Rombaldoni, F: Antimicrobial Polymers for 

Textile Products. Science against Microbial Pathogens: Communicating Current 

Research and Technological Advances (2011), 1, 99–110. 

3. Wasif, A.I., Laga, S.K: Use of Nano Silver as an Antimicrobial Agent For Cotton. 

AUTEX Research Journal (2009), 9(1). 

4. Kostic, J., Radic, N: Antimicrobial Textile Prepared by Silver Deposition on 

Dielectirc Barrier Discharge Treated Cotton/Polyester Fabric. Chemical Industry 

& Chemical Engineering Quarterly (2008), 14 (4), 219−221. 

5. Ghoreishian, S.M., Maleknia, L., Mirzapour, H., Norouzi, M:  Antibacterial 

Properties and Color Fastness of Silk Fabric Dyed with Turmeric Extract. Fibers 

and Polymers (2013), 14, 201-207. 

6. Cho, L.-L: Identification of textile fiber by Raman microspectroscopy. Forensic 

Science Journal (2006), 6, 55-62. 

7. Weisberger, A.S., Pensky, J: Tumor Inhibition by a Sulfhydryl-blocking Agent 

Related to an Active Principle of Garlic (Allium sativum). Cancer Research 

(1958), 18, 1301-1308. 

8. Ankri, S., Miron, T., Rabinkov, A., Wilchek, M., Mirelman, D: Allicin From Garlic 

Strongly Inhibits Cysteine Proteinases and Cytopathic Effects of Entamoeba 

Histolytica. Antimicrob Agents Chemother(1997), 41, 2286-2288. 

9. Aware, R.S., Thorat, B.N: Garlic Under Various Drying Study and Its Impact on 

Allicin Retention. Drying Technology (2011), 29, 1510-1518. 

10. Luo, D.Q., Guo, J.H., JieWang, F., Jin, Z.X., Cheng, X.L., Zhu, J.C., Peng, C.Q., 

Zhang, C: Anti-Fungal Efficacy of Polybutylcyanoacrylate Nanoparticles of Allicin 

and Comparison with Pure Allicin. Journal of Biomaterials Science (2009), 20, 21-

31. 

11. Jafary, R., Khajeh Mehrizi, M., Hekmatimoghaddam, S.h., Jebali, A: Antibacterial 

property of cellulose fabric finished by allicin-conjugated nanocellulose. The 

Journal of The Textile Institute (2015), 106,  683–689 

12. Jebali, A., Hekmatimoghaddam, S.h., Behzadi, A., Rezapor, I., Mohammadi, B.H., 

Jasemizad, T., Yasini, S.A., Javadzadeh, M., Amiri, A., Soltani, M., Rezaei, Z., 

Sedighi, N., Seyfi, M., Rezaei, M., Sayadi, M: Antimicrobial Activity of 



 

 

Nanocellulose Conjugated with Allicin and Lysozyme. Cellulose (2013), 20, 2897-

2907. 

13. Cheung, S.Y: A Study of New Series of Organic Compounds Synthesized from 

Alkoxy-Substituted Quinaldine Applied for Synthetic Fabrics. Institute of Textiles 

& Clothing(2010). 

14. Kusuktham, B: Surface Modification of Polyester Fabrics with 

Vinyltriethoxysilane. Journal of Metals, Materials and Minerals (2010), 20, 85-

88. 

15. Siqueira, G., Bras, J., Dufresne, A: Luffa cylindrica as a lignocellulosic source of 

fiber,microfibrillated cellulose and cellulose nanocrystals. Luffa as a cellulose 

source (2010), 5(2), 727-740. 

 



 

 

 


