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Abstract: A series of different eggshell membrane (ESM) and chitosan (CS) blend 12 

films (ESM/CS) were prepared for wound-care dressing. The appearance, 13 

transparency and microstructure of the films were characterized. Several wound 14 

care-related properties such as the film integrity in solution, pH, protein (BSA) and 15 

wound fluid absorption capacity as well as the antibacterial property of ESM/CS films 16 

were evaluated. The blend films were more stable than CS film after 95 hours of 17 

incubation in solution. The integrity of the blend films improved significantly at the 18 

cost of a small insignificant decrease in wound fluid absorption capacity. Besides, the 19 

blend films provided an acidic environment (pH = 5.86) for wound healing. The 20 

swelling properties of ESM contributed significantly to the increase of BSA 21 

absorption capacity of the blend films (from 46.57 mg/g of CS film to 61.07 mg/g of 22 

blend film) and helped absorb more nutrients to promote the proliferation and 23 

migration of fibroblasts. Addition of CS to ESM also enhanced the antibacterial 24 

activity of the films significantly. The results indicated that the EMS/CS blend films 25 

with 0.01 g ESM/mL CS solution showed the highest high potential to be used as a 26 

wound-care dressing for humans as well as animals.   27 

28 
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30 

1. Introduction31 

There are a large number of patients suffering from various destructive types of 32 

cutaneous wounds caused by trauma, burns, or other conditions such as sickle cell 33 

anemia leg ulcer in China [1]. Wound-healing is a multifaceted complex and dynamic 34 

biological processes such as inflammation, cell proliferation and tissue remodeling, 35 

and having a high nutrient exchange capacity and an acidic microenvironment is 36 

essential for cell proliferation and self-healing process, respectively [3, 4]. A suitable 37 

wound-care dressing can promote the wound healing process by maintaining 38 
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moderate humility of the wound area, helping exchange of nutrients, and keeping the 39 

area from microbial infection. Thus, the wound-care dressings should have high 40 

biocompatibility, antimicrobial activity, liquid absorptivity, and modest physical and 41 

mechanical strength.  42 

Nowadays, various natural polymers with strong antibacterial properties, 43 

effective hemostasis or scar-repairing ability have been developed as wound-care 44 

dressing materials. Among them, chitosan (CS), a positively-charged polysaccharide 45 

containing glucosamine, is considered as a cheap, safe and effective natural material 46 

for wound-care dressings [5, 6]. Because CS has various prominent biomedical 47 

properties, including biocompatibility, film-forming ability, broad antimicrobial 48 

activity, high hemostatic capacity, and excellent adhering ability to injured tissues and 49 

vessels to seal off the wounds [7, 8]. Nonetheless, using CS as a wound-care dressing 50 

is still limited because of its poor mechanical strength in acidic solutions [8]. 51 

According to our preliminary experiments where the CS films were immersed in the 52 

exudate of the wounds, it was easily dissolved because of its molecular structure with 53 

a large number of hydroxyl groups. Thus, CS films are not conducive to use for the 54 

long-term healing of wounds. Various crosslinking strategies (i.e., glutaraldehyde or 55 

transglutaminase) have been studied to enhance the mechanical and water-resistance 56 

properties of CS films. However, the cross-linking agents may be cytotoxic and have 57 

adverse effects on human health. Furthermore, it is difficult for a single polymer or 58 

biomaterial to meet all the general requirements for a perfect wound-care dressing. 59 

Therefore, CS has been blended with other macromolecular polymers or biomaterials 60 

such as cellulose acetate [9], lysozyme [10], bentonite [8] and silk fibroin [11] to 61 

enhance its functionalities as a wound-care dressing material. To the best of our 62 

knowledge, no research work on producing wound-care dressing materials by 63 

blending CS and eggshell membrane has been conducted. 64 

About 5 million tons of eggshells are produced as a by-product of 1012 eggs 65 

annually in the world and are generally overlooked and disposed as the industrial and 66 

household wastes [12]. Eggshell membrane (ESM), a complex mixture of proteins 67 

(i.e., kept in and collagen) and glycoprotein (i.e., hyaluronic acid, glucosamine), has 68 

been proposed as a highly-value material for biological and biomedical engineering 69 

because of its nontoxic, protein-rich and biocompatible characteristics [1, 13]. ESM 70 

named "Phoenix cloth" has been used as a medicinal ingredient for healing burn, 71 

corneal ulcer, and decubitus ulcer in Chinese traditional medicine for more than 400 72 

years. Sumo wrestlers still use it as a first aid wound-care dressing in Japan [14, 15]. 73 

Levytska et al. found that ESM could be considered as a skin-graft donor site dressing 74 

due to its pain relief, wound protection and healing acceleration properties [16]. Yang 75 

et al. showed that ESM could effectively promote the quick epithelialization of 76 

split-thickness skin graft donor sites and reduce subjective pain sensations [17]. To 77 

assess the practicability of ESM as a home remedy for lacerations and abrasions, 78 

some scholars used it on a rat model to help wound-healing. The results showed that 79 

ESM could be incorporated into bandages [18]. Also, it can be applied to the existing 80 

CS film as a remedy to improve its poor mechanical strength.  81 

The main objective of this study was to prepare functional blend films using CS 82 
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and ESM (ESM/CS) and compare their physical and biological properties such as 83 

thickness, appearance, surface morphology, and pH, wound fluid absorption capacity, 84 

BSA absorption capacity, degradation ability, and antibacterial activity. The prepared 85 

films were also evaluated for their potential applications as a biomaterial for 86 

wound-care dressing.   87 

2. Materials and methods 88 

2.1. Materials 89 

Chitosan (CS) with the molecular weight of 100,000 and with 80%~95% 90 

deacetylation was obtained as a gift from Sinopharm Chemical Reagent Co., Ltd. 91 

Glycerol (G) was purchased from Sinopharm Chemical Reagent Co. Ltd. Eggshell 92 

membrane (ESM) was purchased from Heilongjiang Xinghe Agriculture Co., Ltd. 93 

Bovine serum albumin, acetic acid, and other chemicals were received from 94 

Sinopharm Chemical Reagent Co., Ltd and used without further purification. 95 

2.2. Particle Size Detection of ESM powder  96 

   The average particle size distribution of ESM powder was measured using 97 

APA2000 laser particle size distribution instrument (Malvern, UK).   98 

2.3. Preparation of ESM/CS films  99 

One gram of CS powder was dispersed in 100 mL of 1% (v/v) acetic acid 100 

solution and continuously stirred at 50 oC until a clear solution is obtained. The ESM 101 

powder was added to 10 mL of CS solution to obtain 0.01 g, 0.02 g or 0.03 g ESM per 102 

mL CS solution. The solutions were stirred continually using a magnetic stir until the 103 

ESM powder was dispersed entirely, and then glycerol (0%, 1% or 2%, v/v) was 104 

added to the CS/ESM suspensions to form homogeneous casting solutions. Finally, 105 

the suspension was cast on a 12-well plate and dried at 37 oC to form ESM/CS films. 106 

The CS film (control) was prepared using the same procedure without ESM powder. 107 

According to the amount of glycerol (G) and ESM powder, the blend membrane was 108 

named xG-yESM/CS film (Table 1; x=0, 1, 2, the volume ratio of glycerol; y=0, 0.01, 109 

0.02, 0.03, the mass ratio of ESM). 110 

2.4. Morphological characterization of ESM/CS films  111 

The visual assessments were made using the appearance, thickness, mass 112 

uniformity, transparency and microscopic morphology of the ESM/CS films. The 113 

thickness of films was measured with an electronic digital micrometer at three 114 

different positions of one film. The transparency was measured by placing the films 115 

on a printed paper with green patterns. The mass uniformity of the films prepared 116 

were measured using two methods: for the uniformity of the films from casting plates 117 

was assessed by making a circular cut (10 mm in diameter) from a film and 118 

individually weighing the cut-film, and the uniformity of each individual film was 119 

determined by making three small circular cuts (5 mm in diameter) from a film and 120 

comparing the weight of the cut-films. The micromorphology of films was observed 121 
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using a scanning electron microscopy (SEM) (JSM-6390LV, Japan) operated at 10 kV 122 

accelerating voltage.  123 

2.5. Evaluation of integrity of ESM/CS films and degradation in vitro 124 

The integrity and degradation of ESM/CS films in vitro were measured using the 125 

method described by Ma et al. [19, 20]. The prepared films (12×12 mm) with a known 126 

weight were immersed into 1 mg/mL lysozyme/PBS at 37� for 1 hr (Di) to swell and 127 

equilibrate before use. The equilibrated films were removed, washed with distilled 128 

water, wiped off the residual water, and weighed (Dt). The pre-equilibrated films were 129 

further immersed in 1 mg/mL lysozyme/PBS at 37� for 1, 2, 3, 4, 23, 47, 71 and 95 h, 130 

and weighed at the designated time (Dt). The relative degradation ratio (RDR) was 131 

calculated using the following equation: 132 

 133 

RDR (%) = (Di-Dt)/Di × 100 134 

                   135 

   where 136 

Di is the initial weight after 1 hr equilibration 137 

Dt is the weight after t-hours of incubation (t = 1, 2, 3, 4, 23, 47, 71, 95).  138 

2.6. Wound healing ability of ESM/CS films in vitro 139 

2.6.1 Microenvironmental pH of ESM/CS films  140 

The films were cut into pieces (12×12 mm) and then immersed in 4 mL of 141 

normal saline solution (0.9%) for 24 h at 25�. The pH of the soaking solution was 142 

determined to evaluate the microenvironment created by the films [8].  143 

2.6.2 Wound fluid absorption capacity of the blend films 144 

The wound liquid absorptivity of the films was estimated using the simulated 145 

wound fluid (SWF) [21]. The weighed films (I0) were immersed into SWF consisting 146 

of 2% w/v of BSA solution, 0.08 M tris methylamine, 0.4 M NaCl, and 0.02 M CaCl2 147 

in distilled water (pH=7.5). At predetermined time points, the weight of the swollen 148 

films (Is) was measured after the excess SWF on the surface was removed by blotting 149 

with a filter paper. The wound fluid absorption rate (WFA) was calculated using the 150 

following equation. 151 

 152 

2.6.3 BSA absorption capacity of the blend films  153 

The BSA absorption capacity of the films was estimated according to Cao's 154 

method [22]. In brief, about 30 mg of film fragments were placed in a 24-well cell 155 

culture plate. After equilibrated with PBS buffer for 2-3 h, all the samples in triplicate 156 

were incubated with 0.75 mL of 10 mg/L BSA solution for 24 h at 37 oC. The 157 

absorbed amount of BSA was calculated using the concentration change of BSA 158 

100 
I0 

Is 
WFA (%) ×=
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solutions before and after incubation. The group without any film was treated as the 159 

control. The BSA concentration was measured using a bicinchoninic acid (BCA) 160 

protein assay kit (Servicebio, China).   161 

2.7. Antibacterial assessment  162 

To detect the antibacterial performance of the blend films, a bacterial suspension 163 

assay was conducted using the process developed by Li et al. with some modifications 164 

[23, 24]. In brief, the films with a diameter of 22 mm were sterilized by dipping in 165 

75% ethanol for 30 min and washed with PBS for three times in super-clean 166 

worktable, and then excess moisture on the surface of films was blown dry in the case 167 

of sterile air convection while all the conditions were kept sterile. One mL of a 168 

bacterial stock was inoculated for 8-12 h in 10 mL Trypticase soy broth (TSB) 169 

medium with a constant shake at 180 rpm at 37 oC. The fresh Escherichia coli 170 

(devoted as E. coli) and Staphylococcus aureus (devoted as S. aureus) strains were 171 

diluted separately in normal saline to obtain an O.D (optical density) reading of 0.07 172 

at 595 nm. Then, 1.5 mL of the diluted bacterial solution and 1.5 mL TSB medium 173 

were mixed, and the blended solution (in total 3 mL) was dispensed into the wells of 174 

12-well plate containing the films. The plates containing bacteria solution were 175 

cultivated for 24 h with a gentle shake at 50 rpm at 37 oC. 200 µL of the bacterial 176 

solution was transferred into a 96-well culture plate, and the O.D reading was 177 

recorded with the Microplate reader (Biotek, USA). The assay was performed in 178 

triplicates. 179 

3. Results 180 

3.1. The size distribution of ESM powder   181 

 As shown in Fig. 1, the particle sizes distribution of ESM was in a range 182 

between 10.01 µm to 316.22 µm, and the average diameter of ESM powder was 183 

117.25 µm, which provided sufficient support for uniformity of the films (Table. 2). 184 

As discussed above, the commercial ESM powder without any treatment was a kind 185 

of micronized particles, which was different from the nanoparticles used to prepare a 186 

dressing of wound healing [25, 26]. Matthews et al. successfully prepared the 187 

lyophilized wound healing wafers, which were composed of metalloproteinase-3 and 188 

stromelysin-1 inhibitor with the mean particle size of about 878.7 µm [27]. Zheng et 189 

al. adopted the micronized amnion (300-600 µm) to treat wounds in diabetic mice 190 

[28]. Other wound-healing dressings based on ESM have been developed recently, 191 

and the dressings mainly used the ESM as a biotemplate [24] or adsorbent [1], but not 192 

for its function on wound healing.  193 

3.2. Morphological characterization of ESM/CS films    194 

There are many general requirements for a kind of wound healing dressing, such 195 

as flexibility, tearability, integrity, transparency, and uniformity. However, due to the 196 

hydrophobicity and hardness of ESM, the blend films would also be hard and have 197 

poor flexibility and low mechanical strength. Several previous research demonstrated 198 
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that addition of glycerol, a plasticizer, in CS matrixes not only increased the flexibility 199 

of films but also improved their mechanical properties [29, 30]. Hence, a certain 200 

amount of glycerol was added to increase the flexibility and controllability of the 201 

films. The appearance (Fig. 2A) and transparency (Fig. 2B) of the CS and blend films 202 

with varying ratios of glycerol and ESM powder are shown in Figure. 2. The green 203 

patterns on the background could be identified clearly through CS films and some 204 

blend films. The CS film was transparent without any color tint, but the blend films 205 

showed yellowish-brown tint after adding ESM powder, which was attributed to the 206 

yellowness of ESM powder. The xG-ESM/CS (x=1%, 2%, and y=0.01, 0.02) films 207 

could be uncovered easily in the process of experiment, but the films with excess 208 

ESM powder (y=0.03 g/mL) as well as those without any glycerol (x=0) were too 209 

hard to be detached from the container surface. Therefore, the films containing 0.03 210 

g/mL ESM powder or that without any glycerol were inappropriate. What is 211 

noteworthy is that the appearance and homogeneity of the films with the 0.01 g/mL of 212 

ESM powder are similar to those of the CS/bentonite nanocomposite films and the 213 

CS-based films prepared through a casting/solvent evaporation method in references 214 

[8, 20]. Addition of glycerol had no effect on the transparency of the cast films, which 215 

agree with the previous reports [30].  216 

Uniformity is a major parameter that indicates a correct preparation method for a 217 

blend film [31]. The thickness of all films was in the range of 0.17 ± 0.07 µm to 0.24 218 

± 0.03 µm, and there were no significant variations in the thickness of all blend films 219 

(Table 2). The mass of prepared films was dependent on the content of ESM powder. 220 

The films with 0.01 g/mL ESM powder were lighter than 0.02 g/mL ones (Table. 2), 221 

which might be due to the enhanced density of ESM films with the increased content 222 

of undissolved ESM powder. The influence of glycerol to the thickness of films was 223 

negligible, indicating that the method for preparation of xG-yESM/CS film was 224 

consistent.   225 

The SEM analysis of films was presented in Fig. 3. The surface of CS films (Fig. 226 

3a) was flat, smooth and compact without any cracks or particles on the surface, while 227 

rough and wrinkly surfaces were found in the blend films (Fig. 3b-e) due to the added 228 

ESM in CS solution. The degree of roughness on the surface of blend films increased 229 

as the amount of ESM powder added increased. The rough surface in wound dressing 230 

also was observed in CS/bentonite blend films prepared by Nouri et al. [32].  231 

3.3. Evaluation of integrity of ESM/CS films and degradation in vitro  232 

The relative degradation ratio (RDR) of CS and blend films are summarized in 233 

Fig. 4. After soaking in lysozyme/PBS solution for 95 hours, the RDR of CS film was 234 

66.10% with over half of the weight degraded, while that of the 1G-0.01 ESM/CS, 235 

2G-0.01 ESM/CS, 1G-0.02 ESM/CS film and 2G-0.02 ESM/CS film were 33.25%, 236 

28.08%, 27.07%, and 35.51%, respectively. So, the blend films presented lower 237 

degradation degree than the CS film after 95-hour incubation. The blend films could 238 

be considered as an acceptable wound-care dressing with low degradation rate in 239 

particular in 2G-0.01ESM/CS and 1G-0.02ESM/CS films. The photographs of CS and 240 
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blend films immersed in PBS at different time (1 day, 2 days and 3 days) are exhibited 241 

in Fig. 4a. As opposed to the gradual curling and dissolution of CS film, all blend 242 

films maintained their integrity except for 1G-0.01 ESM/CS that showed curly 243 

external appearance due to the high content of CS and low glycerol in the film.         244 

Because of its low toxicity, hemostatic potential, good film-forming properties, 245 

and anti-microbial activity, CS-based films gained considerable attention for wound 246 

healing applications [33, 34]. Even so, the integrity of CS film was easily destroyed 247 

when it was soaked in normal saline or wound fluid. The CS can be dissolved easily 248 

in acidic solution, which restricted its application as a commercial wound-care 249 

dressing material. Therefore, it is essential to enhance the integrity of CS film in 250 

solution and prevent its degradation [20, 22]. The improvement of mechanical 251 

strength in ESM/CS blend films is related to the reinforced network structures by 252 

calcium as a cross-linker and physical filling [35, 36]. 253 

ESM is composed of a double membrane, in which the outer membrane adheres 254 

to the eggshell and plays a role in eggshell mineralization [22]. Calcium is found in 255 

the outer layer of ESM [37], and the calcium ions can be released from the outer ESM 256 

layer to an acidic casting solution. The network structure was reinforced by the 257 

electrostatic attraction between CS and calcium ions, enhancing the integrity of blend 258 

films in solution [38]. Also, calcium ions are involved in stanching, induction of 259 

platelets adherence, promotion of blood clotting and creation of anti-inflammatory 260 

cytokines. So, it is feasible and more conducive for the healing of wounds by 261 

introducing calcium ions [39, 40]. ESM powder may also act as a physical filler in the 262 

process of film-forming of CS and help keep the integrity of films. The glycerol 263 

added into the blend films is a widely-used polymer additive and have a positive 264 

effect on the flexibility and mechanical properties of CS films [41]. The improved 265 

flexibility and high mechanical endurance of the would-care dressing materials not 266 

only can endow it with a lasting function until the wound is completely healed, but 267 

also can contribute to be an appropriate substrate for adhesion, proliferation and 268 

migrations of cells [42,43].  269 

3.4. Wound healing ability of ESM/CS films in vitro 270 

3.4.1 Microenvironmental pH of ESM/CS films 271 

Favorable external microenvironment for wound healing of our skin can be 272 

produced by modifying some parameters such as pH, temperature, and partial 273 

pressure of carbon dioxide or oxygen. A suitable microenvironmental pH might 274 

indirectly alter the internal microenvironment of the wound by inducing proliferation 275 

of fibroblasts [44]. Therefore, the pH of a good wound dressing should be similar to 276 

that of the normal healthy skin that ranges between 4.0 and 6.8. Fig. 5 showed that all 277 

the ESM/CS blend films exhibited a weakly acidic pH (between 5.86 and 6.52), which 278 

agreed with the pH values of commercially available wound-care products reported 279 

by other researchers. This also indicated that the blend films prepared in this study 280 

could act as an acidic medium to minimize the invasion of bacteria and stimulate the 281 

proliferation of fibroblasts indirectly during the wound-healing process [45].  282 
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3.4.2 Wound fluid and BSA absorption capacity    283 

The wound fluid absorption rates (WFA) of the films in the simulated wound 284 

fluid (SWF) are presented in Fig. 6A. Compared with CS film (1276.01%), blend 285 

films showed lower WFA (90.43%~235.04%), which is attributed to hydrophobic 286 

properties of ESM added in the blend films [24]. This suggested that the integrity of 287 

blend films in solution increased with only a slight sacrifice of wound fluid absorption 288 

(Fig. 4a and 6A). Fig. 6A also showed the effect of ESM and glycerol on wound fluid 289 

absorption of blend films. The WFA increased from 102.23% (0G-0.01ESM/CS) to 290 

112.34% and 228.6%, when 1% and 2% glycerol were added, respectively. It has been 291 

reported that wound fluid is absorbed into the films by two processes: water was 292 

bound to the material itself and retained in the pore space of the membrane [20]. 293 

However, there is no pore structure in the dense films as shown in SEM images (Fig. 294 

3b-e). Therefore, when the concentration of ESM was 0.01 g/mL, the addition of 295 

glycerol improved the absorption of wound fluid because of abundant -OH groups in 296 

glycerol [46]. However, when 0.02g/mL of ESM was added, the wound fluid 297 

absorption of blend films was negatively correlated with the content of glycerol 298 

probably due to the reduction of hydrophilic material on the film surface. Although, 299 

the concentration of glycerol rose from 1% to 2%, the effect of hydrophobicity of 300 

ESM powder was greater than the effect of the hydrophilic action of glycerol, leading 301 

to lower absorption of wound fluid.   302 

In addition to the wound fluid absorption, protein absorption of the dressing 303 

materials is also an important factor for wound healing. Bovine serum albumin (BSA), 304 

a protein similar to human serum albumin (HSA), is deemed an essential protein in 305 

the body that regulates osmotic pressure and transportation and is a nutrient [47, 48]. 306 

Therefore, BSA was used as a model protein to detect the protein absorption capacity 307 

of films in this study. It is known that films with high protein absorption can hold 308 

sufficient nutrients for cell proliferation and migration, facilitating wound healing 309 

[49]. In general, the absorption process of BSA is involved with the migration of 310 

water and BSA. There could be some difference in migration speed between water 311 

and BSA because the molecular mass of BSA is bigger than water.  312 

As shown in Fig. 6B, CS and the blend films containing 0.01 g/mL of ESM 313 

powder exhibited a certain level of BSA absorption capacity. Compared to the 314 

absorption capacity of 46.57 mg/g of CS film, the BSA absorption capacity of blend 315 

films with 0.01 g/mL ESM (61.07 mg/g) was higher than that of the CS film. The 316 

swelling ratio of CS film was significantly higher than that of the blend films (Fig. 317 

6A). During this process, water molecules permeated through the CS films more 318 

efficiently than the BSA macromolecule, which caused the CS film hyper-saturated, 319 

limiting to the absorption of BSA. So, the films with a lower ratio of swelling 320 

(1G-0.02ESM/CS and 2G-0.02ESM/CS film) absorbed more BSA than CS film. 321 

When the amount of ESM in films increased further to 0.02 g/mL, the BSA absorption 322 

of blend films decreased to 25.60 mg/g (1G-0.02ESM/CS) and 20.09 mg/g 323 

(2G-0.02ESM/CS), respectively. In this case, the migration of water and BSA were 324 

both restricted due to the hydrophobic property of ESM powder, causing lower BSA 325 
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absorption capacity. Thus, 1G-0.01ESM/CS and 2G-0.01ESM/CS can hold more 326 

nutrients to promote the proliferation and migration of fibroblasts and accelerate the 327 

rate of wound healing significantly.  328 

3.5. Antibacterial assessment  329 

An ideal dressing for skin regeneration should have adequate antibacterial 330 

activity, effectively protecting the injury from bacterial infection and providing a 331 

favorable environment for the growth of tissues [24]. Therefore, the antibacterial 332 

study is indispensable to investigate the efficacy of dressing materials for wound 333 

healing applications. The antimicrobial activities of CS and blend films were 334 

evaluated against two different bacterial strains, namely gram-negative Escherichia 335 

coli, gram-positive Staphylococcus aureus, using the suspension culture method 336 

(measurement of OD after treatment). As shown in Fig. 7, control sample incubated 337 

with Escherichia coli (Fig. 7A) and Staphylococcus aureus (Fig. 7B) without any film 338 

showed an increased OD value, from 0.07 to 0.98 after 24 h of incubation. For both of 339 

the bacterial strains, the final OD values (after 24 h of incubation) of CS and blend 340 

films were lower than those of the control samples. Among them, the OD value of 341 

2G-0.01ESM/CS of Staphylococcus aureus (Fig. 7B) and Escherichia coli (Fig. 7A) 342 

were 0.42 and 0.27, respectively, which showed the highest antibacterial activity 343 

against those bacteria among the films. This improvement was attributed to the 344 

intrinsic antimicrobial activities of CS and the residual ovotransferrin and lysozyme in 345 

ESM [24, 36]. These results indicate that 2G-0.01ESM/CS is the best blend of film 346 

conditions for biomedical applications as a wound dressing. 347 

4. Conclusions 348 

A new type of CS and ESM blend films named xG-yESM/CS have been 349 

prepared using the film-casting method for wound-care dressing. The properties such 350 

as water resistance, wound fluid absorption, BSA absorption capacity and 351 

antibacterial activity that are related to wound healing were improved with the 352 

incorporation of 0.01 g/mL ESM and 2% glycerol into chitosan film 353 

(2G-0.01ESM/CS). This blend film (2G-0.01ESM/CS) can have a potential to be a 354 

material for wound-care dressing and the cell and animal experiments are in progress. 355 
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Captions 502 
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Tables 504 

 505 

Table 1: Proportion of CS, ESM powder and glycerol in the prepared blend films. 506 

 507 

Table 2: Morphological characterization of CS and blend films in terms of thickness 508 

and mass. 509 

 510 

Figures 511 

 512 

Figure 1: Particle size distribution of ESM powder. 513 

 514 

Figure 2: Appearance and transparency of chitosan (CS) and blend films with varying 515 

ratios of glycerol (v/v, %) and ESM powder (w/v, g/mL). 516 

 517 

Figure 3: Scanning electron microscopy images of CS (a) and blend (b-e) films. (b) 518 

1G-0.01ESM/CS film at 100x magnification; (c) 2G-0.01ESM/CS film at 100x 519 

magnification; (d) 1G-0.02ESM/CS film at 100x magnification; (e) 2G-0.02ESM/CS 520 

film at 100x magnification.   521 

  522 

Figure 4: Degradation rate of CS (1) and ESM/CS blend (2-5) films in lysozyme/PBS 523 

solution. (a) The CS and blend films were immersed in 1 mg/mL lysozyme/PBS for 524 

different time (1, 2 and 3 days). 1: CS film; 2: 1G-0.01 ESM/CS film; 3: 525 

2G-0.01ESM/CS film; 4: 1G-0.02ESM/CS film; 5: 2G-0.02ESM/CS film. 526 

 527 

Figure 5: Dressing pH of CS and blend films. 528 

 529 

Figure 6: The wound fluid absorption rate (A) and absorptive capacity (B) of BSA of 530 

CS and blend films. 531 

 532 

Figure 7: Graphical representation of OD measurements in Escherichia coli (A) and  533 

Staphylococcus aureus (B) after 24 h incubation.   534 

 535 
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