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Cellulose is the most abundant polymer on Earth and is the primary 

structural component of the cell wall. Some bacteria, such as 

Gluconacetobacter xylinus (G. xylinus), can produce a biofilm known as 

bacterial nanocellulose (BNC), which has a multitude of improved 

properties over plant cellulose, including higher mechanical strength, 

water-absorbing capacity, degree of crystallinity, and degree of 

polymerization. BNC has seen a very broad range of applications in 

recent years, from high performance speaker diaphragms to blood 

vessels skin for microsurgery. A study by Zhang et al. used chitosan 

(CS), a powdery sugar obtained from the exoskeletons of shellfish, as an 

additive to shaken G. xylinus cultures (2016). This led to an increase in 

absorption capacity in the BNC product.

The purpose of this project was to optimize the absorptive capabilities 

of bacterial nanocellulose using various concentrations of chitosan as an 

additive, and to evaluate its efficacy as a wound dressing. It was 

hypothesized that as the concentration of CS increased, the absorption of 

the material would increase, and perform better than industry standard 

BAND-AID Brand HYDRO SEAL bandages.

Materials and Methods

Two methods were used to attempt to produce CS/BNC composites. 

The first method involved adding CS directly to culture media in four 

different concentrations (0.0%, 0.1%, 0.25%, and 0.5% w/v). The CS 

was premixed with acetic acid (as it is not soluble in water), then added 

to the Hestrin-Schramm (HS) media, containing 2.0% w/v glucose, 0.5% 

w/v yeast extract, 0.5% w/v peptone, 0.27% w/v Na2HPO4, and 0.15% 

w/v citric acid. This created four 500 ml HS media beakers with 2% 

acetic acid inoculated with the appropriate concentration of CS. The pH 

of each medium was adjusted to 4.5 then autoclaved for 15 min at 121 

°C. Five petri dishes for each group were given 40 ml of media and 

inoculated with G. xylinus glycerol stock. The 20 total cultures were 

incubated in a humidity-controlled chamber at 30 °C for 14 days.

The second method involved growing pellicles through regular HS 

media incubation for seven days then washing with NaOH 0.5 M 

solution at 95 °C for one hour. After processing, the wet pellicles were 

soaked for six hours in 2% acetic acid aqueous solutions with the same 

CS concentrations as the previous method, as performed by Kim et al. 

(2010). Pellicles were dried for 24 hours, and scanning electron 

microscopy (SEM) photos were taken of one pellicle for each CS 

concentration. The dry weights (W1) of the four remaining pellicles were 

completely submerged in a solution containing 2.5 mmol/L CaCl2·2H2O
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and 142 mmol/L NaCl for 24 hours. The wet samples were placed 

between filter paper to remove any excess solution and the wet weights 

(W2) were recorded. Absorption percentages (Equation 1) were 

calculated for each sample and for the BAND-AID Brand HYDRO 

SEAL bandages were also recorded for comparison.

The CS-inoculated media failed to produce any BNC. Surprisingly, no 

BNC grew even in 0% CS media. This is likely due to the acetic acid 

required for the CS to enter solution. CS/BNC composites were 

successfully cultivated after growing in regular HS media and soaking in 

CS solutions. One pellicle produced from this method is pictured in 

Figure 1. The SEM photos showed that in higher concentrations, the CS 

was visibly able to penetrate the structure of the BNC, creating small 

colonies and crevasses (Figure 2). Based on the photos, CS likely 

increases the porosity of the BNC. The percent absorptions of each 

composite are displayed in an individual value plot (Graph 1). 

A one-way ANOVA showed there was no significant difference in the 

percent absorptions between the 0.0% CS/BNC (M = 132.3%, SD = 

15.8%), 0.1% CS/BNC (M = 133.9%, SD = 7.4%), 0.25% CS/BNC (M = 

149.9%, SD = 6.5%), 0.5% CS/BNC (M = 158.4%, SD = 113.6%), and 

HYDRO SEAL (M = 185.7%, SD = 39.6%), n = 4, p = .08, F(1,4) = 

0.64. Using the alpha level of .05 the null hypothesis could not be 

rejected, indicating there is not a statically significant difference in the

percent absorptions of BNC soaked in varied concentrations of CS and 

the BAND-AID Brand HYDRO SEAL bandages. Although the 

differences were not statistically significant, there was a general increase 

in the mean absorptions as the concentration of chitosan increased.

Graph 1: The absorption percentages (g/g) from five trials in each of the five groups.

This study assessed the efficacy of a CS/BNC composite as a wound 

dressing by comparing its fluid absorption capabilities to industry 

standard BAND-AID brand HYDRO SEAL bandages. The CS 

successfully bonded with the BNC structure through static culturing, and 

performed equally as well as the standard bandages, partially fulfilling 

the purpose of the study.

Further research could include using much higher concentrations of 

CS in the soaking solutions and examining the antibacterial properties of 

CS/BNC materials, as well as how they contribute to active wound 

healing. The amount of acetic acid that would allow BNC growth could 

also be explored.

Figure 2 (below): The SEM photos of pellicles for 

each CS concentration, 0.0% (a), 0.1% (b), 0.25% 

(c), and 0.5% (d). Images have a width of 12 µm.
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Equation 1: Percent 

absorption formula.
percent absorption = 

W2 −W1

W1
× 100

Figure 1 (above): A fully 

grown BNC pellicle after 

soaking in CS for six hours. All 

the pellicles are visually very 

similar. 
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