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Abstract 
 Effects of carboxymethylcellulose (CMC), a derivative of cellulose, blended with biopolymer 
gelatin films has been studied. The films were fabricated by blending CMC with gelatin solution in various 
ratio and casted on glass cover slips. Thermal and chemical crosslinking techniques were used to induce 
conjugation of free amide and carboxyl groups in protein structures of the films. Physical and mechanical 
properties of different gelatin/CMC films were characterized by Atomic Force Microscope (AFM) which 
scans on film surfaces and evaluates their elasticity. The physical structures of the films from AFM 
analysis indicated that increasing of CMC ratio effected in more aggregated of the protein structures of all 
the films. The analysis mechanical properties demonstrated that increasing of CMC ratio in gelatin/CMC 
films resulted gradually increasing in modulus of elasticity compared to pure gelatin films. The physical 
and chemical crosslinking EDC/NHS in 50 mM MES buffer in 40% ethanol improved in mechanical 
strength of all the gelatin/CMC films by increasing in modulus of elasticity with an average at 62.71 ± 1.69 
kPa and 63.24 ± 0.92 kPa, respectively compared to pure gelatin film. These results suggested that using 
CMC as an additive and crosslinking techniques including thermal treatment and EDC/NHS as a 
crosslinking agent strengthened in protein structures which enhanced in mechanical properties of gelatin. 
The additive of CMC had tendency to display some interesting properties for applying in biomedical 
applications. 
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1. Introduction 
Gelatin, a denatured structure of 

collagen, has been used for medical application 
as a biomaterial and as an additive or gel 
capsules in drugs[1]. However, gelatin has a 
very hydrophilic nature and relatively poor 
mechanical properties which limit their potential 

applications [2].  Several methods that have 
been widely used to improve gelatin properties 
are blending gelatin with other proteins or 
polysaccharides such as alginate [3], chitosan 
[4] and hyaluronic acid [5]. The other one is 
using crosslinking reagent such as 
glutaraldehyde (GA) that is the most widely used 
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in crosslinking biomaterials. However, there are 
some reported that GA has been shown to 
release toxic upon hydrolyzation of the material 
and exhibit reduced cellular ingrowth in vitro and 
in vivo [6,7]. To overcome this problems, we 
took an interest in using 1-ethyl-3-3-
dimethylaminopropyl carbodiimide (EDC) and N-
hydroxysuccinimide (NHS) as a crosslinking 
agents because they has been shown to be 
more biocompatible for biological applications 
than GA [8]. EDC/NHS does not remain in the 
chemical bond after the reaction was completed 
because they released as a substituted urea 
molecule instead [9]. 

An alternative polymer for blending with 
gelatin to improve its properties, we took an 
interest in using carboxymethylcellulose (CMC), 
a derivative of cellulose by reacted with sodium 
hydroxide and chloroacetic acid. Due to its good 
viscosity building, high shear stability, 
biocompatibility, easily available and very cheap 
compared to other polysaccharides, It has widely 
used in many fields [10,11]. In medical 
applications, CMC was used as a hydrogel for 
wound dressing [12], a scaffold for various tissue 
engineering applications [13] and an injectable 
material for bone augmentation [14]. The current 
study focused on the films made from gelatin 
modified with CMC in various ratios. Physical 
and mechanical properties of the modified films 
were evaluated in comparison to the 
conventional gelatin film.   

2. Experimental 
2.1 Materials 

Gelatin was purchased from BIO BASIC 
INC, Canada. From certificate of analysis and 
specifications, gelatin was Type A, a reagent 

grade, derived from porkskin with bloom number 
of 240-270 and pH at 25oC was 4.5-5.5. Its 
viscosity was 3.5-4.5 cps and moisture less than 
12.0%. Carboxymethylcellulose sodium salt 
(CMC) was purchased from Sigma-Aldrich, St. 
Louis, MO, USA. It was medium viscosity of 
400-800 cps in a 2% aqueous solution at 25oC. 
Deionized water was used for preparing gelatin 
and CMC solutions. 

Chemical crosslinking, 1-ethyl-3-3-
dimethylaminopropyl carbodiimide hydrochloride 
(EDC), N-hydroxysuccinimide (1-Hydroxy-2,5-
pyrrolidinedione) (NHS), a reagent grade, and  
2-[n-morpholino]ethanesulfonic acid (MES), Free 
acid were purchased from BIO BASIC INC, 
Canada.  
2.2 Preparation of gelatin/CMC films 

Powders of Type A gelatin were swollen 
in deionized water at room temperature for 0.5 h 
before dissolved at 50oC under agitation for 1 h 
to obtain 0.8 wt% (w/w) solution. Then, CMC 
was dissolved in deionized water at 50oC for 1 h 
to form a 0.8 wt% (w/w) solution. The gelatin 
solution was mixed with the CMC solution at the 
blending composition of gelatin/CMC as be 
shown in table 1. 
Table. 1 Blending composition of gelatin/CMC 
films 
Blending composition 

of gelatin/CMC 
Type of non-
crosslinked 

Gelatin/CMC films 
100/0 nG100 
90/10 nGC91 
80/20 nGC82 
70/30 nGC73 
60/40 nGC64 
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The mixed suspensions were stirred at 
50oC for 1 h, then degassed. The blended 
gelatin/CMC solutions were casted on glass 
cover lips with diameter of 1 cm. before dry at 
37oC for 2 h. 
2.3 Crosslinking treatments 

All the films were dehydrated at 140oC 
for 48 h prior to crosslink with EDC/NHS. The 
films were immersed in a solution of EDC/NHS 
(14/5.5 mM) in 50 mM MES buffer in 40% 
ethanol for 2 h at room temperature. 
Subsequently, the films were washed with 
deionized water (30 min × four times). The type 
of crosslinked gelatin/CMC films were shown in 
table 2. 
Table. 2 Type of crosslinked gelatin/CMC films 

Blending 
composition of 
gelatin/CMC 

Thermal 
crosslinked  
gelatin/CMC 

films 

EDC/NHS-
crosslinked  
gelatin/CMC 

films 
100/0 G100T G100EN 
90/10 GC91T GC91EN 
80/20 GC82T GC82EN 
70/30 GC73T GC73EN 
60/40 GC64T GC64EN 

 
2.4 Observation on structures of the films  
 The surface structures of the 
gelatin/CMC films were observed via AFM 
instrument (XE-70, Park Systems Corp., Suwon, 
Korea). AFM was controlled by a piezo 
translator, a maximum xy scan range of 50 m 
and a z range of 12  m., and used XE Data 
Acquisition Program. 
 
 

2.5 Evaluation on mechanical properties of 
the films 

The modulus of elasticity performed by 
AFM. We used a 130-m-long Si3N4 cantilever 
(Park Systems Corp., Suwon, Korea) with a 
spring constant of 0.6 N/m. The force curve 
analysis module performed analysis of single 
force curve pairs to describe how adhesion and 
elasticity properties were distributed over the 
surface. We used Sneddon cone-on-flat model 
which a rigid cone is punched into a soft flat 
surface. The Modulus of Elasticity of the films 
calculated from relation between indentation ( ) 
and loading force ( F ) as shown in equation 1 
[15,16]. 

2
2

))(tan(
1

2 
 v

E
F


  

 
E = Young’s modulus (modulus of elasticity)  
v  = Poisson’s ratio (0.35) [17]  
 = Tip half cone opening angle (15o) [18] 
 = Indentation 

F  determined from multiplication of 
cantilever deflection, )(zd and spring constant, k  
as shown in equation 2. )(zd  is equal to the 
movement of z axis of piezo that is decreased 
due to   on the surface of the film as shown in 
equation 3 [19]. 

)(zkdF   
 zzd )(  

3. Results and discussion 
3.1 Morphology of the films 

Figures 1 and 2 showed representative 
AFM images of the film surfaces at different 
mixing ratios of gelatin to CMC before and after 
thermal crosslinking, respectively. The 
morphology of the gelatin/CMC films seemed to 

(1) 

(2) 
(3) 
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be mainly dependent upon the mixing ratios of 
gelatin and CMC solutions. Adding of CMC to 
the films increased in molecular aggregates 
between gelatin and CMC as shown striking 
features in Fig. 1b – 1e and Fig. 2b – 2e both 
before and after crosslinked by thermal 
treatment.        
 

 
 
 
 
 
 
 
 
 
  
 
 

 
 
 
 

 
Fig. 1 AFM image (50 x 50 m2) of non-
crosslinked gelatin/CMC films (a) nG100         

(b) nGC91 (c) nGC82 (d) nGC73 (e) nGC64 
 

The most molecular aggregates on non-
crosslinked film was nGC73 (Fig. 1d) and the 
thermal crosslinked film was found in GC73T 
(Fig. 2d). The morphologies of the films both 
before and after using thermal crosslinking were 
no significant different indicating that thermal 
crosslinking technique did not effect on surface 
structure of the gelatin/CMC films. Both pure 

gelatin films before and after crosslinking (Fig. 
1a, 2a and 3a) displayed fairly flat and nearly 
homogeneous layers. Corresponding AFM 
images, there were no significant different 
between thermal crosslinked and non-
crosslinked gelatin/CMC films.     
                                   
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 AFM image (50 x 50 m2) of thermal 
crosslinked gelatin/CMC films (a) G100T        

(b) GC91T (c) GC82T (d) GC73T (e) GC64T  
 

After using chemical crosslinking 
(EDC/NHS) on gelatin/CMC films. The surface 
structures of the EDC/NHS crosslinked films 
were shown in Fig. 3. All of the crosslinked films 
seemed to be more homogeneous and flat when 
compared to the gelatin/CMC films both non-
crosslinked films and thermal crosslinked films 

(a) (b) 

(c) (d) 

(e) 

(c) 

(b) (a) 

(d) 

(e) 
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which displayed more molecular aggregates on 
the films as shown in Fig. 1 and 2, respectively. 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 3 AFM image (50 x 50 m2) of EDC/NHS 

crosslinked gelatin/CMC films (a) G100EN       
(b) GC91EN (c) GC82EN (d) GC73EN           

(e) GC64EN 
 
3.2 Mechanical properties 

The mechanical properties of the 
modified gelatin films as shown in Fig. 4, Fig. 5 
and Fig. 6 were evaluated with the AFM force 
curve analysis mode as mentioned above at 
various points on the surface of the films.       
The relationships between the cantilever 
deflection and the indentation of the films were 
measured. The observed modulus of elasticity of 
different gelatin/CMC films were not constant 
which varied from 48.75 ± 5.48 kPa to 65.64 ± 
2.68 kPa and 56.57 ± 6.77 kPa to 67.88 ± 2.27 

kPa for non-crosslinked (Fig. 4) and thermal 
crosslinked gelatin/CMC films (Fig. 5), 
respectively. 
 
 
 
 
 
 
 

Fig. 4 Modulus of elasticity of non-crosslinked 
gelatin/CMC films 

(* significant different p<0.05 relative to nG100) 
 
 
 
 

 
 
 

 
 

Fig. 5 Modulus of elasticity of thermal 
crosslinked gelatin/CMC films  

(* significant different p<0.05 relative to G100T) 
 

Adding CMC effected of the film 
stiffness which the modulus of elasticity 
increased when increased of CMC ratios in the 
films. It was clearly found in GC91T and GC64T 
thermal crosslinked films (Fig. 5) which their 
modulus of elasticity (64.97 ± 3.83 kPa and 
67.88 ± 2.27 kPa, respectively) increased with 
significantly difference compared to pure gelatin 
film G100T which its modulus of elasticity was 
56.57 ± 6.77 kPa. Although there was slightly 
different between modulus of elasticity of non-

(e) 

(a) (b) 

(c) (d) 
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crosslinked films and thermal-crosslinked films, 
but this results indicated that the modulus of 
elasticity increased gradually according to 
increase the CMC ratios.  

The influence of EDC/NHS crosslinking 
on mechanical properties of the films was shown 
in Fig. 6. After treated by EDC/NHS, the 
modulus of elasticity of all the films were in 
range of 57.50 ± 1.80 kPa and 65.33 ± 3.17 
kPa. Addition of CMC into the films gradually 
increased in modulus of elasticity of all the 
modified films. The significant difference can be 
detected on GC91EN and GC82EN films whose 
modulus of elasticity were 64.86 ± 1.08 kPa and 
64.16 ± 2.22 kPa, respectively compared to pure 
gelatin film G100EN which its modulus of 
elasticity was 57.50 ± 1.80 kPa. 

 
 
 
 
 
 
 
 
 

 
Fig. 6 Modulus of elasticity of EDC/NHS 

crosslinked gelatin/CMC films  
(* significant different p<0.05 relative to G100EN) 

4. Conclusions  
Morphology and modulus of elasticity of 

the modified gelatin films with CMC were 
evaluated using the AFM. Adding of CMC to the 
films increased in molecular aggregates between 
gelatin and CMC. It was also gradually 
increased in modulus of elasticity of the films 

both non-crosslinked films and crosslinked films 
by using thermal treatment and EDC/NHS. The 
more molecular aggregates on the films can be 
implied that the root-mean square roughness 
(Rrms) measured on cross section profile along 
the corresponding line of the films will be higher 
than the other films. This results suggested that 
improving gelatin properties by blending with 
CMC and using crosslinking techniques including  
thermal and EDC/NHS treatment can be applied 
for biomedical applications.     
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