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Abstract: In this research, we studied the physicochemical features of 

dialdehydecarboxymethylcellulose (DCMC) samples generated by oxidizing pure sodium 

carboxymethylcellulose (NaCMC) samples in order to acquire novel medications for the treatment of 

different skin wounds and post-operative procedures. Under ideal circumstances, the mass ratios of 

sericin (SS) and DCMC containing 70% aldehyde groups are 1:0.2, 1:0.4, 1:0.6, 1:0.8, and 1:1. 

Infrared (IR) spectroscopy was used to evaluate the samples in the proportions, and the 

physicochemical characteristics of the samples were investigated. 

Keywords: dialdehydecarboxymethylcellulose, sericin, periodate oxidation, number of aldehydes, 

biodegradability, imine bond. 

 

1. Introduction. The oxidation of NaCMC macromolecules with periodate acid (HJO4), a selective 

oxidizing agent, results in DCMC establishing a chemical connection with protein substances [1]. 

Modifications of DCMC samples with protein molecules are frequently employed in the therapy of 

bone tissue abnormalities [2]. Bone cell regeneration and proliferation are features of DCMC-based 

composites [3]. Oxidative aldehydes [4] improve the physicomechanical characteristics of natural 

proteins [5] and enable for regulation of biocompatibility and biodegradability [6]. Sericin is 

extremely important in biomedicine as a novel therapeutic drug [7]. It is utilized in medicine as a 

biomaterial for tissue engineering and regeneration procedures [8]. Biomaterials derived from 

protein substances and DCMC are frequently employed in tissue engineering for the treatment of 

inflamed and wounded tissues [9]. Furthermore, the effect of produced DCMC-SS composites on 

fibroblast cell growth [10] was investigated. Sericin comprises amino groups (-RNH2) that make 

bonds with aldehyde groups, as well as carboxyl (-COOH) and hydroxyl (OH) functional groups 

with high polarity [11]. Sericin is hydrophilic because it contains 32.3% serine amino acid [12]. 

Compositions derived from DCMC have the virtue of dissolving in water [13]. As a result, the 

resulting compositions are often used in the domains of artificial skin and tissue engineering for 

therapy reasons [14]. When a composition was produced with DCMC, a new link was generated by 

creating chemical covalent bonds [15]. The number of aldehyde groups in the resulting samples was 

quantified chemically and confirmed using IR-spectroscopic techniques after DCMC was formed 

from CMC samples purified under optimum circumstances [16].  

2. Method and materials  

2.1 Materials.  

Sodium hydroxide (NaOH) 99.0% and used to obtain Na-CMC. Ethanol with a purity of 99.08% was 

obtained from Ximreaktivinvest LTD. All chemicals used in this research were of analytical grade. 

Dialdehyde carboxymethylcellulose DCMC; Periodic acid (HJO4) (CAS 10450-60-9); Laboratory 

magnetic stirrer ISO 9001:2015; Glasses dishes GOST 30407-96; Electronic balance GOST 8.453-

82; Drying cabinet GOST 18663-78; Distilled water GOST 6709. 
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2.2 Obtaining a film of DCMC-SS 

At 60°C, 0.012-0.048 g of DCMC samples are dissolved in 2 ml of distilled water. A 3.75% solution 

of sericin in 10 mL of water is produced. The resultant solutions are combined for 1 hour at 60°C. 

The resultant solution is dried in a petri dish at 37°C. The mechanical characteristics of the resulting 

films were investigated at temperatures ranging from 23 to 50 degrees Celsius. The effect of 

different temperatures on the mechanical characteristics of films was investigated. 

2.3 Examination by infrared spectroscopy 

Infrared spectroscopy was used to acquire spectra of CMC, DCMC, and DCMC-SS films at 25°C. 

The spectra have a width range of 400 cm
-1

 to 4000 cm
-1

, with a need of 2 cm
-1

 for each point 

interval. Each sample was thoroughly examined and authorized as needed.  

2.4 Scanning electron microscope 

A 25 kV scanning Agilent Technologies 5500 microscope was used to examine the surface 

morphology of the DCMC-SS films.  

3. The results obtained and their discussion 

A 12% DCMC solution of 10 mL and a 3.75% sericin solution of 32 mL were produced. The 

prepared solutions were agitated for 1 hour at 60°C. The resultant solutions were put on petri plates 

and dried at a temperature of 37 degrees Celsius. The following graph explains the DCMC-SS 

derivation procedure. (fig.1). 

 

Figure 1. Graphical representation of DCMC-SS film acquisition. 

The mass ratio of sericin to DCMC was investigated in relation to the reaction yield. The yield of the 

manufactured product rose as the mass ratio grew. The outcomes are listed below (fig.2).  

 

Figure 2. Dependence of increasing mass ratio on biodegradability. 

Figure 2 shows that as the mass ratio grew, so did the yield of DCMC-SS complex. When the mutual 

mass ratio is identical, the product yield is 86%. The acquired results were validated using infrared 

spectroscopy (IR-spectroscopy) and scanning electron microscopy (SEM). 

The functional groups in the DCMC-SS composite film were identified using the IR-spectroscopy 

approach. In this situation, the intensity of aldehyde groups in the 1738 cm
-1

 area of functional 

groups in DCMC altered. Aldehyde and amine groups combine to create a polar covalent link, 

known as an imine bond, which results in the formation of a composite. The intensity characteristic 

of the -COONa group in the DCMC and DCMC-SS composites remained unaltered during oxidation 

and composite production with sericin. The results obtained are shown below (fig 3). 892,3 
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Figure 3. IR-spectroscopic results of α-DCMC, β-DCMC-SS composite film. 

In the course of manufacturing the DCMC-SS composite film, it was discovered that there was no 

change in the intensity region of 1601 cm
-1

, and a new intensity was produced in the area of 892 cm
-1

 

as a result of inspection using the IQ-spectroscopic method. The creation of hydrogen bonds between 

molecules explains the new absorption intensity that results. That is, the creation of mutual hydrogen 

bonds with functional groups in DCMC is explained by the presence of carboxyl (COOH) and amine 

(NH2) groups in sericin, which have hydrophilic qualities.  

The DCMC-SS composite film's surface morphology was examined. In this example, the scanning 

electron microscope (SEM) was used to study the cross-composite film of SS, DCMC, and DCMC-

SS, and the findings are shown below. (fig 4).  

a b 

 

c 

a-Sericin film 

b- DCMC film 

c-DCMC-SS composite film. 

Figure 4. Scanning electron microscope images of DCMC-SS film. 

 

1730,8 

1610,52 

1601,38 
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SEM analysis revealed that the surface of sericin is composed of uniformly sized particles. SEM 

examination of DCMC samples revealed that they are made up of needle-like particles and are 

smaller than sericin samples. SEM examination was performed on the acquired films based on the 

DCMC-SS composite, and it was discovered that the particles of the obtained samples differed from 

those of the original samples. The disparity in shape of the acquired samples demonstrates that they 

constituted a composite. The dimensions of the DCMC-SS composites varied from the initial 

samples as well.  

Because the resulting DCMC-SS composite film is biodegradable, the biodegradation time of the 

obtained composite was investigated. The biodegradation period of the films was examined as a 

function of mass and time in this example, and the findings are shown below (fig 5). 

 

Figure 5. Time dependence of the level of biodegradation. 

Biodegradable composite films are employed in different bodily wounds as a healing agent for the 

injured skin and to promote the formation of fibroblasts, which are skin cells. As a result, the 

resulting films must be absorbed by the skin as they are only used once and must be safe for the 

body. Because biodegradable films are only used once a day, the period of full breakdown must be 

equivalent to 24 hours. When the biodegradability characteristic was investigated, it was discovered 

that the samples were entirely dissolved in 24 hours.  

Conclusion 

IR-spectroscopic and SEM procedures were used to obtain DCMC-SS composite films. The 

likelihood of building a composite with sericin was discovered to rise as the number of aldehydes 

increased. The feasibility of producing hydrogels from DCMC-SS composites and their use in a 

variety of applications has been demonstrated. The films made from the DCMC-SS composites that 

we synthesized are designed for the medical profession and can be employed in the treatment of 

scarless wounds.  
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