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ABSTRACT 

Aerogels with large surface area, are very light related to the filling of pores with air (99%). 

Due to these features scientific studies on aerogels have increased at great speed. Aerogels are 

obtained using many materials as inorganic substances like silica as well as cellulose as 

biodegradable organic polymers. Bacterial cellulose is eco-friendly material, and it can be produced 

in economic ways with simple processes. 

The aim of this study is to investigate the importance of the bacterial cellulose obtained by 

Kombucha scabby in order to fabricate aerogels with some properties such as heat resistance and 

swelling features. Kombucha bacterial cellulose has been produced to obtain heat resistance property 

by simple diffusion method. The characteristic property of the obtained aerogels was investigated by 

SEM and TGA. The results of this work showed that, the resistance of the bacterial cellulose 

aerogels increases the degradation temperature. This study showed that Kombucha bacterial 

cellulose can economically be obtained by simple techniques and use in different fields of aerogels 

as eco-friendly raw materials. 

Keywords: Aerogel, Kombucha scoby, Bacterial cellulose, Thermal properties. 

 

 

INTRODUCTION 

Nowadays, scientific studies focus on the production of environmentally non-hazardous, 

functional materials.  Environmental protection requires limitation of synthetic plastics usage; 

therefore, scientists try to find out and develop alternative materials. Especially, ecologically non-

hazardous materials are preferred instead of petroleum-based synthetic plastics in order to reduce the 

pollution and wastes. For this reason, the production of new kinds of materials with excellent 

properties and reusable performance is gaining importance for their wide application. Recently, the 

use of cellulosic materials in the fabrication of eco-friendly products is becoming more popular 

(Bandyopadhyay, and Brodnjak, 2018). Several structural bioplastics with various properties were 

introduced and the most popular ones are based on cellulosic derivatives. It is known that cellulose 

which is the most abundant natural polymer obtained from renewable sources such as plants is not 

degradable without appropriate enzymes (Gironi, and Piemonte, 2011). In addition to the sources of 

plants’ cellulose can be produced by some species of bacteria, fungi, seaweed.  

Bacterial Cellulose (BC) is a biopolymer with several advantages over vegetal cellulose, such 

as purity, permeability of liquid and gases, strong mechanical property, high porosity, absorption 

capacity of water. There are many research articles in the literature to produce bacterial cellulose 

(Portela, Leal, Almeida, and Sobra, 2019; Zhang et al., 2019; Luo et al., 2019). BC can be modified 

to acquire antibacterial response and it can be used for the drugs delivery systems (Portela et al., 

2019). Zhang described a new strategy to produce bacterial cellulose by fermentation in the presence 

of Ca-alginate and they obtained a new material with different pore sizes (Zhang et al., 2019).  Luo 

and co-workers produced flexible, highly conductive and strong bacterial cellulose from graphene 

nanosheets (Luo et al., 2019). Oui and Netravali reviewed various fabrication methods of bacterial 

cellulose based on nanocomposites and their novel applications (Qiu and Netravali, 2014). Volova et 
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al. in 2018, prepared a thin layer of bacterial cellulose which was then coated with Ag nanoparticles 

and antibiotics and they observed its bacterial growth capacity (Volova et al., 2018). Wang et al., 

prepared a review articles to discuss the production of Bacterial cellulose and they explained their 

properties and applications, (Wang, Tavakoli, and Tang, 2019). Wake and co-workers fabricated 

biodegradable polymer foams for tissue engineering applications (Wake, Gupta, and Mikos, 1996). 

Pure cellulose is obtained from fermented Kombucha tea after being washed under proper alkali 

conditions to remove nutriments and microbiological organisms (Dima et al., 2017). 

In this work, Kombucha Bacterial cellulose (KBS) was produced from fermented Kombucha 

tea with acetic acid bacteria that lives with yeast on its leaves. Silica was added to the prepared 

cellulose to increase heat resistant property. The swelling behavior of the samples was investigated 

in distilled water.  

 

 

MATERIAL AND METHODS 

 

Preparation of Kombucha bacterial cellulose 

Preparation of bacterial cellulose by using Kombucha tea black Tea leaves are first thoroughly 

washed to remove microbiological organisms and broken down into small pieces after washing 

process. It was then kept in hot water. The sugar (%10 w) was put in the hot solution and left to cool 

to room temperature. Acetic acid was added to the cooled tea by adjusting pH=6.  Kombucha yeast 

and bacteria were added to the medium and cellulose was formed by waiting 7 days at 28oC.  The 

raw cellulose was then washed to remove sugars and bacteria and to obtain pure cellulose. Fig. 1 

shows the bacterial cellulose hydrogel, after washing process. After incubation process the thickness 

of the bacterial cellulose film reduced to 0.5cm. Following the washing treatment, all the samples 

were lyophilized. Labconco market free zone model lyophilizer was used in the lyophilization 

process during the experimental study. 

 

 

 
Figure 1: Schematic representation of the Kombucha bacterial cellulose (KBS) preparation process 

  

 
Preparation of silica-cellulose aerogels   

Silica was added into the Kombucha bacterial cellulose (KBS) in order to increase its heat 

resistance. The mixture of Tetra Orthosilicate (TEOS)/Ethanol solution was prepared first with the 

ratio of 1/5 (v/v) and 50% percentage of distilled water was added. NH3 was then added to the 

solution dropwise. After stirring, the solution became opaque and silicate particles were observed. 

Into this solution, KBS was added and the solution was kept at room temperature for 24 hours for 

bacterial ageing then the solution was directly lyophilized. 

 

https://www.sciencedirect.com/science/article/pii/S0144861719305041#!
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RESULTS AND DISCUSSION 

The swelling behavior of the prepared samples in distilled water was performed after 

lyophilization processes. Bacterial cellulose aerogel tends to swell quite well. The swelling 

percentages were calculated using the formula (1).  

 

        (1) 

 
Where Wlast is the weight of the aerogel after swelling and Wfirst is the weight of the dry 

aerogel.  

The swelling results and the maximum swelling of the samples; KBS, KBS/PVA and PVA 

homopolymer can be observed in Figure 2.  

 

 
Figure 2: Swelling Tendency prepared of aerogels samples in distilled water at, 25ᵒC 

 

 

 

The maximum swelling percentage was obtained for KBS aerogel which is around 1550 % 

comparing with its original weight at initial state as seen in Fig. 2. Bacterial cellulose aerogel tends 

to swell quite well. KBS was added to sample based on PVA to increase its swelling behavior. From 

Fig.2 it can be seen that PVA-cellulose aerogel showed a better swelling property compared to PVA 

homopolymer. 

Bacterial cellulose aerogel is a material with poor temperature resistance. Therefore, TEOS was 

added by sol-gel method to increase its thermal resistance. Thermal experiments showed that 

bacterial cellulose aerogel decompose at 400ᵒC and at this temperature 27,7% of substance was left. 

After addition of TEOS the thermal decomposition temperature increased to 650 ᵒC and 53% of the 

substances was left without decomposed.  

SEM analysis also support the thermal resistance results. The Scanning Electron Microscope 

images of Kombucha bacterial cellulose prepared in this work are also shown in Figure 3(a). It is 

seen that silica particles are bound to bacterial cellulose fibers as seen in Fig 3(b). 
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Figure 3: SEM micrographs (a) KBS Aerogel 5.0 X; (b) KBS/ Si Aerogel 5.0X 

 

 

CONCLUSIONS  

In the current study, Kambucha bacterial cellulose were prepared using an environmentally-

friendly freeze-drying method. This method is alternatives to replace the bacterial cellulose 

traditionally prepared from environmental pollutants Petro-chemical products. The resultant aerogel 

composites were expected to show improved thermal and swelling properties. It was found that 

PVA-cellulose aerogel showed a better tendency to swell compared to PVA homo-polymer aerogel. 

It was found that the TEOS is highly effective on the improvement of thermal properties of 

Kombucha bacterial cellulose. 

 

 

REFERENCES 

Bandyopadhyay, S.N., Brodnjak U.V. (2018). Bacterial cellulose based greener packaging material: 

A bioadhesive polymeric film.  Materials Research Express. 5(11), 115405. 

Dima, S.O., Panaitescu,D.M., Orban,C., Ghiurea,M., Doncea,S.M., Fierascu, R.C., Nistor, C.L., 

Alexandrescu,E., Nicolae , C.A., Trică,B., Moraru, A., Oancea,F. (2017). Bacterial 

Nanocellulose from Side-Streams of Kombucha Beverages Production: Preparation and 

Physical-Chemical Properties. Polymers, 9(12) 374-398. 

Gironi, F., Piemonte V. (2011). Bioplastics and Petroleum-based Plastics: Strengths and 

Weaknesses. Energy Sources Part A: Recovery (21), 1949-1959. 

Luo, H., Xie, J., Xiong L., Zhu Y., Yang, Z., Wan, Y. (2019). Fabrication of flexible, ultra-strong, 

and highly conductive bacterial cellulose-based paper by engineering dispersion of graphene 

nanosheets. Composites Part B: Engineering 162, 484-490. 

Portela, R., Leal, C.R., Almeida, P.L., and Sobra, R.G. (2019). Bacterial cellulose: a versatile 

biopolymer for wound dressing applications. Microb Biotechnol. 12(4), 586–610. 

Qiu, K., Netravali A.N. (2014). A review of fabrication and applications of bacterial cellulose based 

nanocomposites. Polymer Reviews 54(4), 598-626.  

Volova TG. Shumilova, A.A., Shidlovskiy, I.P., Nikolaeva, E.D., Sukovatiy, A.G., Vasiliev, A.D., 

Shishatskaya EI.  (2018). Antibacterial properties of films of cellulose composites with silver 

nanoparticles and antibiotics. Polymer testing.65, 54-68. 

Wang, J., Tavakoli J., Tang, Y. (2019). Bacterial cellulose production, properties and applications 

with different culture methods – A review Carbohydrate Polymers    219, 63-76 

Wake, M.C., Gupta, P.K., Mikos, A.G. (1996). Fabrication of pliable biodegradable polymer foams 

to engineer soft tissues. Cell Transplant. 5(4), 465-73. 

Zhang, H., Xu, X., Chen, C., Chen, X., Huang Y., Sun D., (2019). In situ controllable fabrication of 

porous bacterial cellulose. Materials Letters 249, 104-107. 

 

 

https://www.researchgate.net/profile/Fausto_Gironi?_sg%5B0%5D=hurVtEDL6Ug89oMvfDU53pDbIzn_mACKw6_rwLztCspuDtmnA9Zi7JPWvW6Wz5LPAaiN8BE.zAscfcGJNXye3q3THpcmf_dkc4aWiPN3Knw9cMPVWIOBxKfyYw_XJMtOmzlBf-XOSob615qUYsQefhhZlX-PXA&_sg%5B1%5D=8lcMinsPv4ox39j_W2OwI-jlTSBx1oAJbg2-QxekIQASz1gy4Nx6PDAKpaaWt5Pq0YwAX4veMbe4RnPJ.LxrcTvZkaMwTceodmMz3kysIseuB4ZzlW7DMD3v9qyjw36RCbE-4UxsbdYP41urH3UaegkfwDgGg7ZfuwFgCGA
https://www.sciencedirect.com/science/journal/13598368
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6559198/
https://www.researchgate.net/scientific-contributions/37614783_Anil_N_Netravali?_sg%5B0%5D=Ad7HGkDcaJFqCJ7IqpK6TctCZd57sb9SGf4FydYOdi5xZ1cEn1KUTq5uf280X7h5pcm4038.SKndY7YK9o43KMpEF7LHQVhGBLh9_7t8uuQQnSQcIdhZNrB9Pabq60tP93QoxlWlROX4iztBH-DQzXZfe24Oyw&_sg%5B1%5D=D4BPT1gILuRj0JK4QVIQTKSwLjQI7F9Etv3Ml7qBx4vLpHLv0hXD6M-g7T2xN9d-ZrIYcgQNzQDjYEwk.CR5A6_QVGpiii9dbvENR3J3nPMCM_47U65JPCt62IkwMuZ_WHjvSo76mFMbEN7lIqaWEpDhocVv0CPeMbzQkNQ
https://www.sciencedirect.com/science/article/pii/S0144861719305041#!
https://www.sciencedirect.com/science/journal/01448617
https://www.sciencedirect.com/science/journal/01448617/219/supp/C
https://www.ncbi.nlm.nih.gov/pubmed/8800514
https://www.sciencedirect.com/science/journal/0167577X/249/supp/C

