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Abstract: A new kind of blend film was prepared for wound-care dressing with eggshell 
membrane (ESM) and chitosan (CS). The transparency, appearance, microstructure and several 
wound care-related properties were evaluated. The blend films were more stable than CS film 
after 95 hours of incubation in solution. ESM also contributed to the swelling properties of blend 
films significantly and helped absorb more nutrients to promote the proliferation and migration 
of fibroblasts. Addition of CS to ESM also enhanced the antibacterial activity of the films 
significantly. The results indicated that the blend films with 0.01 g ESM/mL CS solution showed 
a very high potential to be used as a wound-care dressing for humans as well as animals.   

 

1. Introduction 
There are a large number of patients suffering from various destructive types of cutaneous 

wounds caused by trauma, burns, or other conditions such as sickle cell anemia leg ulcer. 
Wound-healing is a multifaceted complex and dynamic biological processes such as 
inflammation, cell proliferation and tissue remodeling, and having a high nutrient exchange 
capacity and an acidic microenvironment is essential for cell proliferation and self-healing 
process, respectively. A suitable wound-care dressing can promote the wound healing process by 
maintaining moderate humility of the wound area, helping exchange of nutrients, and keeping 
the area from microbial infection. Thus, the wound-care dressings should have high 
biocompatibility, antimicrobial activity, liquid absorptivity, and modest physical and mechanical 
strength.  

 Eggshell membrane (ESM), a complex mixture of proteins (i.e., kept in and collagen) and 
glycoprotein (i.e., hyaluronic acid, glucosamine), has been proposed as a highly-value material 
for biological and biomedical engineering because of its nontoxic, protein-rich and 
biocompatible characteristics. ESM named "Phoenix cloth" has been used as a medicinal 
ingredient for healing burn, corneal ulcer, and decubitus ulcer in Chinese traditional medicine for 
more than 400 years. Sumo wrestlers still use it as a first aid wound-care dressing in Japan. ESM 
has been considered as a skin-graft donor site dressing due to its pain relief, wound protection 
and healing acceleration properties. Studies showed that ESM could be incorporated into 
bandages and also could be applied to the existing CS film as a remedy to improve its poor 
mechanical strength.  

The main objective of this study was to prepare functional blend films using CS and ESM 



 

(ESM/CS) and compare their physical and biological properties. The prepared films were also 
evaluated for their potential applications as a biomaterial for wound-care dressing.   

 
2. Materials and Methods 
 
2.1. Preparation of ESM/CS films  

1g CS powder was dispersed in 100 mL of 1% (v/v) acetic acid solution. The ESM powder 
was added to 10 mL of CS solution to obtain solution, and then glycerol was added to the 
CS/ESM suspensions to form homogeneous casting solutions. Finally, the suspension was cast 
on a 12-well plate and dried at 37 oC to form xG -yESM/CS (x=0%, 1%, 2 % glycerol; y=0g/mL, 
0.01g/mL, 0.02g/mL, 0.03g/mL ESM). 

 
2.2. Evaluation of integrity of ESM/CS films and degradation in vitro 

The prepared films with a known weight were immersed into 1 mg/mL lysozyme/PBS at 
37 ℃ for 1 hr (Di) to swell and equilibrate before use. The equilibrated films were removed, 
washed with distilled water, wiped off the residual water, and weighed (Dt). The pre-equilibrated 
films were further immersed in 1 mg/mL lysozyme/PBS at 37 ℃ for different hours, and 
weighed at the designated time (Dt). The relative degradation ratio (RDR) was calculated using 
the following equation: RDR (%) = (Di-Dt)/Di ´ 100.  

 where Di is the initial weight after 1 hr equilibration; Dt is the weight after t-hours of 
incubation (t = 1, 2, 3, 4, 23, 47, 71, 95).  

 
2.3 Wound fluid absorption capacity of the blend films 
   The wound liquid absorptivity of the films was estimated using the simulated wound fluid 
(SWF). The weighed films (I0) were immersed into SWF consisting of 2% w/v of BSA solution, 
0.08 M tris methylamine, 0.4 M NaCl, and 0.02 M CaCl2 in distilled water. At predetermined 
time points, the weight of the swollen films (Is) was measured after the excess SWF on the 
surface was removed by blotting with a filter paper. The wound fluid absorption rate (WFA) was 
calculated using the equation.   

WFA (%) = Is /I0´100 
 

2.4. BSA absorption capacity of the blend films  
About 30 mg of film fragments were placed in a 24-well cell culture plate. After 

equilibrated with PBS buffer, all the samples in triplicate were incubated with 0.75 mL of 10 
mg/L BSA solution for 24 h at 37 oC. The absorbed amount of BSA was calculated using the 
concentration change of BSA solutions before and after incubation. The group without any film 
was treated as the control.   

 
2.5. Antibacterial assessment  

One-mL bacterial stock was inoculated for 8-12 h in 10 mL Trypticase soy broth (TSB) 
medium with a constant shake at 180 rpm at 37 oC. The fresh E. coli and S. aureus strains were 



 

diluted separately in normal saline to obtain an O.D (optical density) reading of 0.07 at 595 nm. 
Then, 1.5 mL of the diluted bacterial solution and 1.5 mL TSB medium were mixed, and the 
blended solution was dispensed into the wells of 12-well plate containing the films. The plates 
containing bacteria solution were cultivated for 24 h with a gentle shake at 37 oC. 200 μL of the 
bacterial solution was transferred into a 96-well culture plate, and the O.D reading was recorded 
with the Microplate reader. 

 
3. Results and Discussion 
 
3.1. Morphological characterization of ESM/CS films    

The appearance (Fig. 1A) and transparency (Fig. 1B) of the CS and blend films with 
varying ratios of glycerol and ESM powder are shown in Figure. 1. The green patterns on the 
background could be identified clearly through CS films and some blend films. The CS film was 
transparent without any color tint, but the blend films showed yellowish-brown tint after adding 
ESM powder, which was attributed to the yellowness of ESM powder. The xG-ESM/CS (x=1%, 
2%, and y=0.01, 0.02) films could be uncovered easily in the process of experiment, but the 
films with excess ESM powder (y=0.03 g/mL) as well as those without any glycerol (x=0) were 
too hard to be detached from the container surface. Therefore, the films containing 0.03 g/mL 
ESM powder or that without any glycerol were inappropriate. Addition of glycerol had no effect 
on the transparency of the cast films, which agree with the previous reports.  

 
Figure 1: Appearance and transparency of chitosan (CS) and blend films with varying ratios of 
glycerol (v/v, %) and ESM powder (w/v, g/mL). 
 

The SEM analysis of films was presented in Fig. 2. The surface of CS films (Fig. 2a) was 
flat, smooth and compact without any cracks or particles on the surface, while rough and wrinkly 
surfaces were found in the blend films (Fig. 2b-e) due to the added ESM in CS solution. The 
degree of roughness on the surface of blend films increased as the amount of ESM powder added 
increased.  



 

 
Figure 2: Scanning electron microscopy images of CS (a) and blend (b-e) films. (b) 
1G-0.01ESM/CS film at 100x magnification; (c) 2G-0.01ESM/CS film at 100x magnification; (d) 
1G-0.02ESM/CS film at 100x magnification; (e) 2G-0.02ESM/CS film at 100x magnification.   
 
 
3.2. Evaluation of integrity of ESM/CS films and degradation in vitro  

The relative degradation ratio (RDR) of CS and blend films are summarized in Fig. 3. After 
soaking in lysozyme/PBS solution for 95 hours, the RDR of CS film was 66.10% with over half 
of the weight degraded, while that of the 1G-0.01 ESM/CS, 2G-0.01 ESM/CS, 1G-0.02 ESM/CS 
film and 2G-0.02 ESM/CS film were 33.25%, 28.08%, 27.07%, and 35.51%, respectively. So, 
the blend films presented lower degradation degree than the CS film after 95-hour incubation. 
The blend films could be considered as an acceptable wound-care dressing with low degradation 
rate in particular in 2G-0.01ESM/CS and 1G-0.02ESM/CS films. The photographs of CS and 
blend films immersed in PBS at different time (1 day, 2 days and 3 days) are exhibited in Fig. 3a. 
Unlike the gradual curling and dissolution of CS film, all blend films maintained their integrity 
except for 1G-0.01 ESM/CS that showed curly external appearance due to the high content of CS 
and low glycerol in the film.       



 

 
Figure 3: Degradation rate of CS (1) and ESM/CS blend (2-5) films in lysozyme/PBS solution. (a) 
The CS and blend films were immersed in 1 mg/mL lysozyme/PBS for different time (1, 2 and 3 
days). 1: CS film; 2: 1G-0.01 ESM/CS film; 3: 2G-0.01ESM/CS film; 4: 1G-0.02ESM/CS film; 
5: 2G-0.02ESM/CS film. 
 
 
3.3. Wound fluid and BSA absorption capacity    

The wound fluid absorption rates (WFA) of the films in the simulated wound fluid (SWF) 
are presented in Fig. 4A. Compared with CS film (1276.01%), blend films showed lower WFA 
(90.43%~235.04%), which is attributed to hydrophobic properties of ESM added in the blend 
films. This suggested that the integrity of blend films in solution increased with only a slight 
sacrifice of wound fluid absorption (Fig. 3a and 4A). Fig. 4A also showed the effect of ESM and 
glycerol on wound fluid absorption of blend films. The WFA increased from 102.23% 
(0G-0.01ESM/CS) to 112.34% and 228.6%, when 1% and 2% glycerol were added, respectively. 
It has been reported that wound fluid is absorbed into the films by two processes: water was 
bound to the material itself and retained in the pore space of the membrane. However, there is no 
pore structure in the dense films as shown in SEM images (Fig. 2b-e). Therefore, when the 
concentration of ESM was 0.01 g/mL, the addition of glycerol improved the absorption of wound 
fluid because of abundant -OH groups in glycerol. However, when 0.02g/mL of ESM was added, 
the wound fluid absorption of blend films was negatively correlated with the content of glycerol 
probably due to the reduction of hydrophilic material on the film surface. Although, the 
concentration of glycerol rose from 1% to 2%, the effect of hydrophobicity of ESM powder was 
greater than the effect of the hydrophilic action of glycerol, leading to lower absorption of wound 
fluid.   

BSA was used as a model protein to detect the protein absorption capacity of films in this 
study. It is known that films with high protein absorption can hold sufficient nutrients for cell 
proliferation and migration, facilitating wound healing. As shown in Fig. 4B, CS and the blend 
films containing 0.01 g/mL of ESM powder exhibited a certain level of BSA absorption capacity. 
Compared to the absorption capacity of 46.57 mg/g of CS film, the BSA absorption capacity of 



 

blend films with 0.01 g/mL ESM (61.07 mg/g) was higher than that of the CS film. The swelling 
ratio of CS film was significantly higher than that of the blend films (Fig. 4A). During this 
process, water molecules permeated through the CS films more efficiently than the BSA 
macromolecule, which caused the CS film hyper-saturated, limiting to the absorption of BSA. So, 
the films with a lower ratio of swelling (1G-0.02ESM/CS and 2G-0.02ESM/CS film) absorbed 
more BSA than CS film. When the amount of ESM in films increased further to 0.02 g/mL, the 
BSA absorption of blend films decreased to 25.60 mg/g (1G-0.02ESM/CS) and 20.09 mg/g 
(2G-0.02ESM/CS), respectively. In this case, the migration of water and BSA were both 
restricted due to the hydrophobic property of ESM powder, causing lower BSA absorption 
capacity. Thus, 1G-0.01ESM/CS and 2G-0.01ESM/CS can hold more nutrients to promote the 
proliferation and migration of fibroblasts and accelerate the rate of wound healing significantly.  

 

 
Figure 4: The wound fluid absorption rate (A) and absorptive capacity (B) of BSA of CS and 
blend films. 
 
 

 
Figure 5: Graphical representation of OD in E. coli (A) and S. aureus (B) after 24 h incubation. 

 



 

3.4. Antibacterial assessment  
The antimicrobial activities of CS and blend films were evaluated against two different 

bacterial strains, namely gram-negative E. coli, gram-positive S. aureus, using the suspension 
culture method. As shown in Fig. 5, control sample incubated with E. coli (Fig. 5A) and S. 
aureus (Fig. 5B) without any film showed an increased OD value, from 0.07 to 0.98 after 24 h of 
incubation. For both of the bacterial strains, the final OD values (after 24 h of incubation) of CS 
and blend films were lower than those of the control samples. Among them, the OD value of 
2G-0.01ESM/CS of S. aureus (Fig. 5B) and E. coli (Fig. 5A) were 0.42 and 0.27, respectively, 
which showed the highest antibacterial activity against those bacteria among the films. 

 
4. Conclusions 

A new type of CS and ESM blend films named xG-yESM/CS have been prepared using the 
film-casting method for wound-care dressing. The properties such as water resistance, wound 
fluid absorption, BSA absorption capacity and antibacterial activity that are related to wound 
healing were improved with the incorporation of 0.01 g/mL ESM and 2% glycerol into chitosan 
film (2G-0.01ESM/CS). This blend film (2G-0.01ESM/CS) have a high potential to be used for 
wound-care dressing for animals and human. 
 


