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Abstract 

The research aimed to evaluate the film membrane of Nano Chitosan Resveratrol (NCHR) for 
biological, physicochemical, and antibacterial properties. Psychochemically, the functional groups of 

chitosan compounds were examined by FTIR, chemical compounds by GCMS, and the morphology 

of chitosan and chemical elements by SEM-EDS. Biologically, the characteristics of NCHR were 
examined by solubility, swelling, permeability, and biodegradation tests. Meanwhile, the antibacterial 

properties were examined for inhibition of Porphyromonas gingivalis (P. gingivalis) ATCC 33277 

by Minimal inhibition concentration (MIC) and growth assessment by spectrophotometry. Nano 

Chitosan (NCH) has appeared at 1033.85 cm-1 as a sharp peak indicating the P=O group and contains 

anti-toxicity compounds (Ethane, 1,1-diethoxy- (CAS) 1,1-Diethoxye) is 81.06% and antioxidant 

compounds Limonene is (1.28%). In addition, NCH has chemical elements, Oxygen Weight (69.4%), 
calcium (19.7%), magnesium (6.6%), and phosphorus (4.3%). NaCl 0.9%, PBS, and Aquades. In 

addition, it has an excellent index of water vapor transmission rate (WVTR) in all solvents (R2 0.95). 

The NCHR membrane film is bacteriostatic (≤ 300 CFU/mL) with each value of Minimal Inhibition 
Concentration (MIC) >15 mm. The Nano chitosan contains antitoxic, antioxidant, and antibacterial 

compounds with high oxygen elements. The film membrane of nano chitosan resveratrol can maintain 

the stability of changes in pH with a very high solubility index, swelling index, and WVTR index, as 
well as good biodegradation and antibacterial properties. 
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1- Introduction  

Health technology advances in tandem with the evolution and modification of disease patterns. So that it draws the 

attention of the world’s researchers to act and find solutions to these health issues [1]. Several health research fields 

currently synergize with other areas, especially those relevant to medical engineering or pharmacy. Now, medical 

engineering and pharmacy research mainly focus on the product of tools or materials that help treat disease prevention 
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and treatment [2]. Sensor-based research, or the breeding of natural materials, is highly encouraged by researchers across 

disciplines. In addition to abundant raw materials, it is also cheap and easy to obtain [3]. One of them is a crab shell 

(Scylla paramamosain) as a raw material for synthesizing chitosan for health purposes in various application dosage 

forms. 

Chitosan is one of the natural polymers obtained from the deacetylation of chitin. It has several advantages, such as 

biocompatibility, biodegradability, non-toxicity, and a chelating agent, bacteriostatic and fungistatic properties [4]. The 

use of chitosan as a source of medicinal raw materials has been widely reported. In general, chitosan is used as a drug 

delivery agent in capsules and films [5]. Various strategies have been made to increase the oxidation power and 

penetration of the chitosan film’s pharmacodynamic and pharmacokinetic properties, including making it a nano-sized 

joint to improve the absorption properties at the application site [6]. Among them are adding other active ingredients 

(resveratrol) such as Moringa oleifera plants to increase antioxidant, antibacterial, anti-inflammatory, and anti-

thrombotic. Arévalo-Híjar (2018) reported that M. oleifera has very high antioxidant and antibacterial properties [7]. 

The addition of resveratrol (M. oleifera) is expected to increase the response of the chitosan film to the environment 

and increase its workability during the reaction to postoperative wound healing or capsule coating preparations for drug 

delivery. Adding other medicinal ingredients to the chitosan film with non-synthetic (natural) sources, 

physicochemically and biologically, provides strength, biocompatibility, and good biodegradation [8]. Using base films 

such as Carboxy ethyl Cellulose (CMC) can also increase the solubility and permeability of the membrane to water 

sorption. In addition, it can increase the tensile strength, reduce structural changes in chitosan, and decrease the solubility 

of the film in the air [9]. 

Changes in wound pH and temperature cause an increase in pathogens, thereby retarding wound healing and causing 

a secondary infection. Antibiotics are said to prevent the development of pathogens, but they do not hasten wound 

healing and tend to promote pathogen resistance. Applying a film membrane composed of natural materials like chitosan 

to the surface of the surgical wound before suturing is anticipated to offer protection against oxidative stress on cells and 

tissues during the healing phase, prevent the growth of bacteria in the wound area, and enhance cell and tissue 

proliferation [10]. It has been reported that chitosan films containing antioxidants promote wound healing, prevent 

secondary infection, and increase the supply of nutrients to tissues and cells undergoing repair during the healing phase 

[11]. 

The biological and physicochemical properties of film products containing natural ingredients can determine the 

pharmacokinetic and pharmacodynamic properties of drugs in films during adaptation to the intracellular and 

extracellular fluid environments in the wound healing process [12]. One of the functions of chitosan films containing 

antioxidants is to inhibit the growth of infectious agents (bacteria and fungi), thereby promoting wound healing [13]. In 

addition to serving as a chelating agent, chitosan’s biocompatibility permits the delivery of active medicinal compounds, 

such as antioxidants for health purposes, in capsule form as a drug delivery or wound dressing film [14]. 

The resveratrol (M. oleifera) to the chitosan base is expected to reduce the development of pathogens in the 

postoperative wound area, increase cell proliferation, and repair surrounding tissues. The antioxidant properties of M. 

oleifera can maintain the balance of changes in the chitosan film from being affected by changes in pH, solubility, and 

temperature. So, it is hoped that the chitosan film added with M. oleifera extract can work based on the wound healing 

phase and postoperative bone repair [15]. Ervolino et al. (2019) reported that an increase in cell proliferation and a 

decrease in inflammatory cells, as well as a reduction of osteonecrosis in bone, are a series of phases of healing [16]. 

The use of chitosan membrane films is expected to be involved in the framework of wound healing. In vitro tests such 

as physicochemical, biological, and antibacterial properties are a long series of tests for the possible use of chitosan 

membrane films for health purposes. 

This study created membrane films for medical applications from nano crab shell chitosan containing resveratrol. It 

is used to promote postoperative wound healing and prevent secondary infections. This study aims to evaluate the film 

membrane of nano chitosan-resveratrol in terms of its physicochemical, biological, and antibacterial properties. As a 

result, it is anticipated that continuous information will be available to support future tests on the film membrane of nano 

chitosan-resveratrol that will be applied to medical applications. 

2 - Material and Methods  

2-1- Material 

This study used chitosan material from crab shells (Scylla paramamosain), which were obtained at point coordinates 

(5.605783038489495, 95.34665240501441), while Moringa oleifera was obtained at coordinates (5.585492189676038, 

95.35057255285955). Both of these materials are stored in the Oral Biology Laboratory, Faculty of Dentistry, Syiah 

Kuala University, Darussalam, Banda Aceh, Indonesia. 
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2-2- Research Procedure 

This study evaluates the biological and chemical properties of chitosan nano-membranes derived from crab shells and 

mixed with natural resveratrol (M. oleifera) for health purposes (wound healing). The treatment begins with the 

production of chitosan nano-powder and the extraction of Moringa leaf [17]. Based on nano chitosan’s morphology and 

chemical elements, nano chitosan was analyzed for chitin and chitosan groups physicochemically, and chemical 

compounds were also investigated [18]. In addition, chitosan nano-membranes were manufactured, characterization 

tests, including solubility, swelling, WVTR, and pH measurements, were conducted, and biodegradation and 

antibacterial tests were required. The flowchart for the research is shown in Figure 1. 

 

Figure 1. The flowchart of the research methods 

2-3- Production and Isolation of Chitosan 

A total of 7 kg of crab shells were separated from the meat, washed, dried in the sun for five days, and pounded until 

smooth. The crude material is then blended and crewed (100 mesh). The results passed through this sieve are used to 

obtain chitin. Isolation of Chitosan begins with demineralization, deproteination, and deacetylation (the transformation 

of Chitin into Chitosan) [19]. In the demineralization stage, the preparation of crab shell flour weighed as much as 100 

grams, and then 1 N HCl was added (ratio 1:12 w/v). Then stirred at 75 oC for one hour, the residue was filtered and 

washed with distilled water until neutral, and then dried at 75 oC for 24 hours in the oven. In the deproteination stage, 

the demineralized solid was added to 2 N NaOH (ratio 1:6 w/v), stirred, and then heated at 80 oC for one hour. The 

filtrate is then removed by filtering. The residue (Chitin) was washed with distilled water until neutral and dried at 75 
oC for 24 hours in an oven. In the deacetylation stage (transformation of chitin into chitosan), chitin was boiled in 50% 

NaOH solution (1:5 w/v) at 90 oC for 120 min (stirring). The solid is separated from the liquid by filtering. The residue 

(Chitosan) was washed with water until neutral and dried at 80 oC for 24 hours in the oven. The resulting chitosan was 

then weighed, obtaining as much as 12,097 grams. 
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2-4- Extraction of Plant Material 

1 kg of Moringa oleifera leaves are harvested and washed. Two days of drying until wilted, then 48 hours in a 50 oC 

oven. Moringa leaves are blended into a powder. Moringa leaf powder is stored airtight. The powder is soaked in 100 

mL of 96% ethanol in a clean, flat-bottomed glass container. Changing the solvent for three days remade the residue and 

filtrate. The filtrate is concentrated with a rotary vacuum evaporator at 50 oC and 75 mmHg to obtain the extract [20]. 

Shimadzu Japan gas chromatography QP2010PLUS with a fused GC column (2010) covered with polymethyl silicon 

was used for GC-MS analysis of M. oleifera ethanol extract and chitosan. Conditions: 80–200 oC, 5 oC/min, 200 oC for 

20 min. The FID temperature was 300 oC, the injection temperature was 220 oC, and the nitrogen carrier gas flow was 1 

mL/min, a 1:75 split. 116.9 kPa. 30 m column, 0.25 mm diameter, 50 mL/min flow rate [21]. 

2-5- Preparation of Nano Chitosan  

Manufacture nano chitosan using a ball milling tool (Fritsch Pulverisette Classic Line Planetary Ball Mill, Germany). 

In the first stage, a stainless ball is placed at the bottom of the vial, after which chitosan powder is poured and milled 

into a nano (50-gram sample). Next, the seal ring is installed in the correct position, and then the vial is closed and placed 

on the planetary ball mill. Next, the lock is placed on the vial cap, tightened to the maximum, the lock lever is closed, 

and the vial is centrifuged at 450 xg for 40 hours. Then the ball mill is rotated every hour with a 15 min delay. Then 

press "start" and let planetary work according to the settings made until finished. 

2-6- Observation of the Morphology of Chitosan and Chemical Elements 

Scanning Electron Microscopy-Energy Dispersive X-Ray Spectroscopy (ThermoFisher, Netherlands) was used to 

examine nano chitosan’s morphology and chemical properties. The sample is placed in a vacuum chamber, and the 

sample height must follow the calibration standard. Then the appliance is turned on with a power of 20 kV. The sample 

is shifted slowly to get the area to be photographed on the SEM screen. Brightness, contrast, and focus are adjusted until 

a good picture is obtained. Photographs are taken at 500x, 1000x, 1500x, and 2000k magnifications. The procedure for 

testing samples with EDS is as follows: The area to be analyzed has been determined. Data retrieval is carried out by 

scanning a scanner on the EDS device, and data will be obtained within 1 second. The results obtained can be viewed 

on the EDS screen. The type and number of elements contained in the scan area will be confirmed using the EDS database 

software [22]. 

2-7- Analysis of FTIR Spectrum of Nano Chitosan 

The chemical functional groups of nano chitosan were assessed using Fourier Transform Infrared (FTIR) with a wave 

number of 4000 cm-1 - 400 cm-1 and transmittance spectra. In the first stage, the sample is placed on the surface of a 

transparent infrared prism with a refractive index that is always higher than the sample (the refractive index of bacterial 

cells is estimated at 1.39). The radiation beam is directed at one of the prism walls for the prism-sample interface at an 

angle higher than the barrier. Under these conditions, complete reflection occurs on the side of the internal prism. The 

reflected light exits through the walls of the second prism, where the light intensity and absorption spectrum are recorded 

[23]. 

2-8- Production Film-membrane of Nano Chitosan Resveratrol  

Based on Hasan et al. (2020) research, membrane films are manufactured using Carboxymethyl cellulose (CMC) as 

the basis for film adhesives) [18]. The CMC and Chitosan were both weighed at 4.8 grams and weighed and dissolved 

in 400 mL of distilled water until a gel formed. Chitosan was dissolved in 50 mL of 1.5% CH3COOH until a gel formed. 

The CMC solution and Chitosan solution were mixed and stirred until homogenous for 15 min, then 4.8 grams of glycerol 

was added and stirred until homogeneous for 30 minutes. Then resveratrol Moringa oleifera was added with variations 

of 10%, 20%, and 30% (1.6 grams, 3.2 grams, and 4.8 grams). Then the solution was stirred for 30 min until 

homogeneous. The film solution was poured over the mold and left at room temperature for three days (until dry). The 

film is removed from the mold, and a characterization test is carried out. 

2-9- Characteristic Assay of Film-membrane of Nano Chitosan Resveratrol  

Test the characteristics of the NCHR membrane film using the working principle of Hasan et al. (2020) [18]. 

Solubility Test. The film was cut to 1 × 1 cm and weighed for initial data. Then, the film was inserted into an Erlenmeyer 

containing 20 mL of solvent (DMSO: Solarbio Science and Technology, Beijing Chine), NaCl0.9% (Emjebe Pharma, 

Surabaya, Indonesia), PBS (Thermo Fisher, Swedia), and aquadest (Purification in our laboratory). Then the film was 

stirred for 15 minutes, allowed to stand for 24 hours, and dried at 105 oC for 8 h. Then the film is weighed to obtain final 

data. Solubility formula (%) = 
𝑊𝑖−𝑊𝑓

𝑊𝑖
 × 100% (𝑊𝑖 = initial weight 𝑊𝑓 = final weight.  
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 Swelling Assay. The film was cut to 1 x 1 cm and weighed dry, then put into DMSO, NaCl 0.9%. PBS and aquadest, 

respectively 0.15 mL. Then soaked for 2 h, the film was removed, and the surface was dehydrated. It is then weighed in 

a moist (wet) state. Swelling Degree Formula = 
𝑀𝑤−𝑀𝑑

𝑀𝑑
 (𝑀𝑤 = film weight in wet condition; 𝑀𝑑 = dry film weight).  

Water Vapor Transmission Rate (WVTR) Assay. A total of 5 mL of DMSO solvent, 0.9% NaCl. PBS and aquadest 

were put in different test tubes, and then the film was cut according to the size of the mouth of the test tube used (d = 1.1 

cm). Then the film is glued to the mouth of the test tube. Then the test tube that has been glued to the film is weighed. 

Next, the test tube was put into a desiccator filled with silica gel. Then the test tubes were considered every 24 h for five 

days. The WVTR results have then graphed the relationship between mass and time and calculated using the formula: 

WVTR = 
∆𝑊

𝐴 .∆𝑡
 (∆w = change in film weight after 24 hours; ∆t = Times (24 h); A = film area (m2) 

pH Assay. The NCHR membrane film was cut 1x1 cm, then dissolved in 5 mL of different solvents (DMSO, 0.9% 

NaCl, PBS, and Aquadest) for 24 h. Then vortex three times for 5 min. Then the pH of the solution was checked with a 

pH meter (Mettler Toledo, Switzerland). 

2-10- Biodegradation Assay 

NCHR membrane films of different concentrations were cut 1×1 cm and then incubated at 37 oC for 3 minutes. Then 

the film was placed in a test bottle and tightly closed for 15 min. Furthermore, each bottle containing the film was 

inserted with a different solvent (DMSO, 0.9% NaCl, PBS, and aquadest) through the bottle wall, each 5 mL. The 

relegation assessment uses 1 min, 2 min, 4 min, 6 min, 8 min, and 15 min. Quantitative data were examined by 

spectrophotometry based on the solubility of the film (turbidity) OD 600 nm. Meanwhile, qualitative data were analyzed 

using a stereo microscope with a bar scale of 200 µm. 

2-11- Antibacterial Assay 

The oral bacteria used in the study included an aerobic bacterium, Porphyromonas gingivalis ATCC 33277. The 

bacterial preparation was calibrated with Mc. Farlan 0.5 (1.5x108) or OD 0.08-0.1 (≤300 CFU/mL) [24]. The antibacterial 

test of the film was carried out from two perspectives. The first was based on the colony’s taste buds using the disc 

method, and the second was the quantity of bacterial growth examined by spectrophotometry. 

The membrane film is made to resemble discs (6 mm). Furthermore, culture preparation of 30 µL of bacteria was 

carried out in Mueller Hinton Agar medium (Merck KGaA, Darmstadt, Germany) and spread (streak) throughout the 

medium. Subsequently, membrane film discs were placed based on the respective concentrations of resveratrol and 

incubated for 24 h and 48 h. The clear zone area was measured using a caliper with vertical and horizontal directions, 

which became the antibacterial value of the membrane film. 

Bacterial growth was evaluated using a base film soaked in various solvents (DMSO, 0.9% NaCl, PBS, and 

Aquadest). The film was softened in a different solvent for 30 min in the first stage. Then vortexed for 5 minutes. It was 

repeated two times until the film was lysed and blended with the solvent. Then it was centrifuged at 3000 xg for 10 min. 

The supernatant was collected, then 1 mL of solvent with 100 µL of bacterial suspension was added to a 2 mL vial. It 

was then incubated in an aerobic atmosphere at 37 0C for 24 h. The film residue was separated by centrifuging 3000xg 

for 10 min, and the supernatant was considered living bacterial cells. Furthermore, it was measured by spectrophotometry 

with a wavelength of 600 nm [25]. 

2-12- Statistical Analyses 

Data on membrane film pH, biodegradation, and antibacterial properties were analyzed by One-Way ANOVA, with 

a significance limit of p<0.05. 

3- Results and Discussion  

3-1- FTIR Analysis of Chemical Group of Nano Chitosan 

Figure 2 shows that FTIR provides information about the functional properties of nano chitosan from crab shells 

that link functional groups and their structures. Figure 1 shows that nano chitosan peaks at a wave number of 3290.56 

cm-1 showing stretching vibrations of the –NH2 and –OH groups. This area’s peak width between 3919.35-3290.56 

cm-1 is associated with the hydrogen bond strain vibration (O-H) [26]. In contrast, the stretching NH overlap of the 

primary amine and amide-type occurs in the same region [27]. The peaks formed at 1656.85 cm-1 and 1554.63 cm-1 

indicate an interaction between the NH+3 group. Silverstein reported that wave number 1650-1580 cm-1 showed the 

presence of a functional amine NH primary group with a bending vibration type [28]. The wave number of 1151.50 

cm-1 indicates C-O-C, while the IR spectrum of chitosan nanoparticles appears at 1033.85 cm-1 as a sharp peak 

indicating the P=O group. 
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Peak Intensity (%) Corr. Intensity Base (H) Base (L) Area Corr. Area Group 

910.91 33.81 0.35 954.76 918.12 16.63 0.15 

P=O bending 1033.85 24.40 1.51 1045.42 956.69 48.86 1.29 

1040.56 23.88 3.05 1136.07 1047.35 50.81 2.90 

1151.50 32.41 4.48 1190.08 1138.00 22.40 1.21 C-O-C stretching 

1554.63 37.44 0.78 1577.77 1539.20 16.28 0.17 

-N-H bending 1589.34 38.28 0.69 1616.35 1579.70 14.95 0.14 

1656.85 36.87 9.25 1776.44 1618.28 48.68 3.76 

3290.56 33.38 1.36 3332.99 2989.66 150.20 4.24 

-NH2 and -OH 
stretching 

3693.68 47.82 16.23 3753.48 3676.32 15.42 2.11 

3765.05 71.63 0.18 3784.34 3755.40 4.17 0.01 

3919.35 71.31 0.11 3923.21 3900.07 3.36 0.00 

Figure 2. FTIR spectrum of cellulose, chitin, and chitosan in the 4000-500 cm-1 wavenumber region (above). The 

transmittance (%T) value of nano chitosan of crab shell 

Silverstein et al. (2005) reported that the P=O functional group with stretching vibration was found at 1040–910 cm-

1. The formation of the P=O active group indicates cross-linking between the phosphate group and chitosan through ionic 

bonds. This analysis’s results suggest that a nanoparticle solution has been formed [28]. So, it is expected that adding 

resveratrol can improve the mechanical properties of naturally brittle chitosan and increase the formation of ionic cross-

links between chitosan molecules. This method has been reported to enhance nano materials’ mechanical properties, 

thermal properties, barrier properties, and physicochemical properties compared to microscale materials [29]. Chitosan 

becomes more stable and can increase the adsorption capacity of tissues and cells [30]. This property will provide 

advantages in applying nano chitosan as an edible coating material that can be used as drug delivery for tissue and cell 

repair after surgery. 

3-2- Chemical Compound of Nano Chitosan 

Table 1 and Figure 3 show several chemical compounds in nano chitosan of crab shell, such as Ethane, 1,1-diethoxy- 

(CAS) 1,1-Diethoxye (81.06%). Diethoxye is reported to have antitoxic and anti-inflammatory functions while 

increasing the response to infectious agents [31]. In addition, diethoxy is also reported as an antitoxin [32]. In addition, 

it contains several antioxidant compounds, such as dl-limonene, which functions as an antioxidant, antibacterial, and 

anti-inflammatory [33, 34]. Terpene d-Limonene has tissue repair properties for wound healing and angiogenesis around 

scars, and it promotes tissue regeneration, according to d’Alessio et al. (2014). d-Limonene has notable anti-

inflammatory effects on skin inflammation and wound healing [35]. Chitosan contains active compounds that prevent 

tissue toxicity and increase intracellular fluid balance during wound healing [36]. In addition, it has been reported that 

butane,1,1-diethoxy-3-methyl compounds are involved in embryonic angiogenesis and wound healing [37]. It is believed 

that the active compounds in chitosan accelerate wound healing by stimulating inflammatory cells, macrophages, and 

fibroblasts, thereby shortening the inflammatory phase and accelerating the onset of the proliferation phase [38]. 
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Table 1. GCMS evaluation of chemical compounds of nano chitosan from crab shell 

Peak# R.Time (Minute) Area Area% Height Height% A/H Compound Name 

1 3.121 38013762 81.06 3234129 57.24 11.75 Ethane, 1,1-diethoxy- (CAS) 1,1-Diethoxye 

2 3.619 1549648 3.3 311708 5.52 4.97 Propane, 2,2-diethoxy- 

3 3.78 2621077 5.59 342545 6.06 7.65 3-Penten-2-one, 4-methyl- 

4 4.279 512270 1.09 140926 2.49 3.64 2-Pentanone, 4-hydroxy-4-methyl- (CAS) 

5 4.846 699781 1.49 153877 2.72 4.55 Propane, 1,1-diethoxy-2-methyl- 

6 6.311 1354065 2.89 365800 6.47 3.7 Butane, 1,1-diethoxy-3-methyl- 

7 7.484 602583 1.28 231786 4.1 2.6 dl-Limonene 

8 13.238 108317 0.23 64703 1.15 1.67 trans-Caryophyllene 

9 13.741 117591 0.25 46106 0.82 2.55 .alpha.-Patchoulene 

10 14.278 135772 0.29 75691 1.34 1.79 Azulene, 1,2,3,5,6,7,8,8a-octahydro-1,4-di 

11 16.04 1179038 2.51 682799 12.08 1.73 1(2H)-Naphthalenone, octahydro-4a,8a-dim 

 

Figure 3. GC spectrum of crab shell nanochitosan. Peak starts from retention of 3.121 min to 16.04 min 

Applying nano chitosan in the form of membrane films is anticipated to improve the physiological stability of cells 

and tissues during the wound healing phase by acting as a drug delivery agent. In addition to increasing the absorption 
and penetration of active ingredients in the wound area, adding polyphenols from natural resveratrol to the chitosan film 
helps organize the formation of collagen fibers, fibroblasts, and inflammatory cell responses to reduce cell oxidative 
activity [39]. Stricker-Krongad et al. (2018) reported that chitosan-based wound dressings could accelerate the clotting 
process. In addition, the wound-healing properties of chitosan allow for the safe and effective bandaging of excision 
wounds for hemostasis [40]. 

3-3- Morphological and Chemical Elements of Nano Chitosan 

Chitosan is one of the most researched biopolymers for wound healing due to its biocompatibility, biodegradability, 
non-toxicity, and antimicrobial properties. In addition, chitosan and its derivatives have garnered significant interest due 
to their ability to expedite wound healing and be processed into various forms (gels, membranes, and films) [41]. These 
characteristics make chitosan-based materials highly adaptable and promising as wound dressings. In addition, labeling 

with secondary natural metabolites (resveratrol) can act as an antimicrobial, anti-inflammatory, and healing stimulant 
[42]. Based on the morphology of the chitosan-resveratrol film membrane, chitosan’s function as a polyphenol delivery 
agent in Moringa leaves to enhance wound absorption is demonstrated. The morphology of the film membrane of nano 
chitosan mixed with resveratrol (M. oleifera) is depicted in Figure 4, indicating that the active component of resveratrol 
is located on the surface of the chitosan. In addition to its antibacterial, anti-inflammatory, and proliferative properties, 
chitosan can facilitate the binding of several antioxidant compounds possessed by M. oleifera, such as 1,3,4,5-

tetrahydroxy-cyclohexane carboxylic acid and Hexadecanoic acid, both of which have antibacterial potential [43]. 
Resveratrol, a polyphenol found in Moringa leaves, has anti-inflammatory, antioxidant, antitumor, and 
immunomodulatory properties [44]. 
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Figure 5 shows the weight of the chemical elements possessed by crab shell nano chitosan, namely oxygen (69.4%), 

calcium (19.7%), magnesium (6.6%), and phosphorus (4.3%). While the amount of atomic oxygen (82.8), calcium 

(9.4%), magnesium (5.2%), and phosphorus (2.6). Predoi reported that chitosan coated with MgHApCh contained 

chemical elements such as Oxygen, Calcium, Magnesium, and phosphorus with different atomic weights [45]. Still, the 

higher oxygen content of nano chitosan was used in this study. Reported that the quantity of oxygen content in a 

restorative material is higher than the function of drug delivery to increase its role at the healing target location [46]. 

Oxygen is also needed by cells and tissues during the healing process, increasing tissue conductivity, decreasing 

proinflammatory cytokine responses, and inhibiting reactive oxygen species activity that undergoes infection [47]. 

 

Figure 4. Surface morphology of chitosan nano-membrane films from crab shells added with Moringa leaf resveratrol. (A) 

chitosan nano membrane film, (B) chitosan nano membrane film + 10% resveratrol, (C) Chitosan nano membrane film + 

20% resveratrol, (D) Chitosan nano membrane film + 30% resveratrol: Scale bars (200 µm). 

 

Figure 5. The SEM profile of resveratrol nano chitosan was seen with SEM-EDS at 10 m magnification. (A) Full image of 

nano chitosan of crab shell (B) chitosan surface detected by EDS (C) NCHR membrane film surface profile. Red arrows 

(active material of Moringa leaf extract) and blue arrows (Crab shell of chitosan nano). Scale bar 200 µm. The surface area 

of chemical elements detected from NCHR (D) Oxygen, (E) Magnesium, (F) calcium, (G) Phosphorus, (H) Nitrogen, and (I) 

EDS peak profile which shows the percentage of the chemical element content. 
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Nano chitosan from crab shells contains many chemical elements that serve as chelating agents to improve biological 

functions in tissue repair and increase inflammatory cell responses in wound healing, as shown in Figure 4. One of the 

functions of chitosan’s chelating agent is to bind toxic metal ions to form complex structures that are easily removed 

intracellularly or extracellularly from the body [48]. In wound healing and tissue repair, chitosan also facilitates 

nutritional supplementation and influences the incorporation of amino acids into collagen proteins. Another function is 

to bind metals in the body and regulate the number of metals so that toxic metal levels decrease [49]. Heavy metals 

interfere with cellular activities, such as growth, proliferation, differentiation, damage repair, and apoptosis and induce 

toxicities such as the production of reactive oxygen species, weakened antioxidant defenses, enzyme inactivation, and 

oxidative stress [50]. 

Calcium in the film membrane of nano chitosan from crab shell chitosan is anticipated to enhance wound healing 

[51]. Calcium not only acts as an essential clotting factor in the early stages of the healing process but also plays an 

essential role as an extracellular regulator and internal modulator of keratinocyte and fibroblast processes [52]. In 

addition, calcium is reported to be the initial step in repairing damaged tissue, particularly as Factor IV in the hemostatic 

phase, which promotes migration and regeneration of epidermal cells during a later phase of healing [53, 54]. 

As Kawai et al. (2011) reported, calcium has a therapeutic effect on wound healing via multiple mechanisms, resulting 

in a more rapid and effective recovery [55]. Calcium enables T cells to utilize sugar to fight infection. Calcium signals 

regulate immune cells by supplying them with the nutrients necessary for enhanced cellular responses against infectious 

agents such as bacteria, viruses, and parasites [56]. The activity of extracellular receptors mediates this response to 

modulate inflammation-induced resorption [57]. Oxygen is also believed to play a significant role in each phase of the 

wound-healing process and to increase the host’s resistance to infection. 

Consequently, any interruption in the oxygen supply can retard healing [58]. Hypoxia promotes wound healing by 

triggering the release of growth factors and angiogenesis, whereas oxygen is required to sustain the healing process [59]. 

Moreover, oxygen can kill bacteria and viruses and activate proinflammatory cytokine genes to regulate immune 

responses to infectious agents. In addition to oxygen, magnesium has been implicated in wound healing by activating 

the collagenase enzyme involved in repairing injured tissue. In addition, it maintains the nerve impulse response 

necessary for muscle contraction and relaxation [60]. Phosphorus, possessed by chitosan, is reported to work in inducing 

cell chemotaxis and peptides related to the calcitonin gene that are relevant to wound healing, as well as neuropeptides 

such as nerve growth factor [61]. Phosphorus also functions as an antibacterial agent and is essential for the body’s 

production of adenosine triphosphate, a molecule that stores energy. Phosphorus also facilitates the body’s use of 

carbohydrates and fats to synthesize proteins to grow, maintain, and repair cells and tissues [62]. 

3-4- pH assessment of Nano Chitosan Resveratrol 

Table 2 reports the pH of the film membrane of Nano chitosan before and after incubation in different solvents for 

24 hours. After 24 hours, the solvent decreased in pH, but not significantly. Its reduction was influenced by the 

resveratrol concentration added to the chitosan film. It is the assumption that the film membrane of nano chitosan can 

maintain the stability of changes in pH, as reported in Figure 6, where the membrane film dissolved in PBS and Aquadest 

has better change stability based on the percentage of pH stability. The strength of a solution’s pH is determined by the 

chemical elements’ ionic properties and composition [63]. In addition, the flow rate of the solution also affects its 

properties as a solvent. The flow rate is correlated with the pH of the solution and the properties of the chemical elements 

contained therein [64]. 

Table 2. pH changes of films membrane of NCHR in various solvents before and after incubation 24 hours 

Solvents 

Incubation (0 hours) Incubation (24 hours) 

NCHR 10% NCHR 20% NCHR 30% NCH NCHR 10% NCHR 20% NCHR 30% NCH 

Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD Mean±SD 

DMSO 9.71±0.02 9.82±0.01 9.72±0.11 9.90±0.02 9.65±0.04 9.76±0.05 9.64±0.08 9.92±0.05 

NaCl 0.9% 6.72±006 6.75±0.04 6.87±0.10 7.05±0.11 6.70±002 6.73±0.01 6.64±0.03 6.88±0.01 

PBS 7.01±0.00 7.02±0.00 7.05±0.00 7.08±0.06 6.88±0.05 6.80±0.08 6.83±0.06 7.04±0.15 

Aquadest 6.98±0.00 6.90±0.00 6.98±0.00 6.91±0.01 6.90±0.00 674±0.02 6.81±0.04 6.87±0.02 

n 12 12 12 12 12 12 12 12 

*p=value 
0.020 0.023 0.024 0.045 0.023 0.033 0.025 0.033 

0.348 0.171 

* Kruskal Wallis Test; NCH (Nano Chitosan); NCHR (Nano Chitosan Resveratrol); SD (Standard Deviation). 
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Figure 6. pH stability of film membrane in different solvents. The membrane film with 30% resveratrol and Nano chitosan 

had better stability of pH changes than the addition of 10% and 20% resveratrol. Bar (pH stability) and Bar error (error bar 

with percentage). 

According to the findings of this study, the film-membrane of nano chitosan containing resveratrol has good pH 

stability. Applying it to the wound can indicate the film’s absorption properties in cell fluid. According to Nunthanid 

(2001), PBS solvent and aquadest at pH 7.4 can help increase cross-linking between chitosan and phosphate anion to 

increase film strength [65]. Furthermore, the pH stability of the chitosan film is closely related to the properties of water 

vapor permeability, tensile strength, elongation, and solubility [66]. 

The chitosan nanofilm without resveratrol demonstrated excellent stability in this study. It means that chitosan films 

have good biodegradation properties in various solutions, particularly cellular and extracellular fluids, both psycho-

chemically and biologically. The intracellular pH ranges physiologically from 7.0 to 7.4 [67], similar to the pH of PBS, 

physiological NaCl, and Aquades used in this study. Resveratrol can interact with solvents with varying pH levels. As a 

result, the film membrane of nano chitosan containing resveratrol may be used as drug delivery to improve wound 

healing by increasing keratinocyte and fibroblast proliferation in pH 7.2 to 8.3 environments [68]. 

In Figure 6, it was reported that the membrane film added with 30% resveratrol and the film membrane of nano 

chitosan without resveratrol showed excellent stability of pH changes compared to other solvents (p<0.05;0.000). The 

average strength of the pH of the two test materials for each solvent reached 25%. It means that the resveratrol mixture 

in the film of nano chitosan lm can help maintain the stability of changes in pH at a concentration of 30% resveratrol 

very well compared to 10% and 20% resveratrol. In this study, after incubating the film membrane of nano chitosan for 

24 hours in various solvents, the pH decreased to slightly acidic in a neutral pH solvent. Because acidic pH has been 

reported to prevent the development of cancer cells [69], but it can also maintain cell and tissue repair in wound healing 

[70], this decrease in pH indicates that the resveratrol chitosan membrane film provides an opportunity to improve wound 

healing. According to Nagoba (2015), the slightly acidic pH of the liquid (solvent) promotes wound healing by 

controlling wound infection, altering the activity of damaging enzymes, releasing oxygen, and increasing 

epithelialization and angiogenesis [71]. 

3-5- Solubility of Nano Chitosan Resveratrol 

Table 3. It was reported that DMSO solvent had very low solubility, while NaCl, PBS, and aquadest solvents increased 

the solubility above 95%. It means that these three solvents have a perfect solubility response in describing the structure 

or active compounds that make up the membrane film, so it is inevitable that this solution can be used as the solution of 

choice in researching membrane film applications to be applied to surgical wounds. Solubility properties are strongly 

influenced by the pH of each solution, as reported in Table 2. However, DMSO is often used topically to reduce pain 

and accelerate wound healing, burns, and muscle and bone injuries. 

NCHR 10% NCHR 20% NCHR 30% Chitosan

DMSO 20% 10% 25% 25%

NaCl 0.9% 14% 7% 25% 25%

PBS 34% 45% 25% 25%

Aquadest 32% 38% 25% 25%
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Table 3. Solubility assessment of film membrane of NCHR in various solvents 

Nano Chitosan Resveratrol 
Solvents (%) 

DMSO NaCl 0.9% PBS Aquadest 

NCHR 30% 27.3 99.9 92.3 90.0 

NCHR 20% 33.3 99.9 98.3 98.9 

NCHR 10% 85.7 99.8 98.9 97.1 

Nano Chitosan 30.8 99.2 98.6 98.9 

NCHR (Nano chitosan Resveratrol), DMSO (Dimethyl sulfoxide), PBS (Phosphate Buffer Saline) 

DMSO is also used topically to treat inflammation, osteoarthritis, and rheumatoid arthritis [72]. At large doses, for a 

long time, it shows only minor toxic effects such as mild skin irritation, itching, and burning. Although DMSO is 

absorbed rapidly through the skin, it has a low level of toxicity [73]. Although NaCl 0.9%, PBS, and aquadest can 

dissolve membrane films better, their penetration ability needs to be considered. In addition, the pH factor is also thought 

of as the nature of its solubility. Where pH determines the hydrophobic core of the membrane film surface, alkaline pH 

tends to increase the hydrophobicity of the membrane film surface. DMSO has an alkaline pH, which is one factor in its 

longer solubility. 

3-6- Swelling Assessment of Nano Chitosan Resveratrol 

Table 4 shows that NaCl 0.9%, PBS, and aquadest solvents have excellent swelling indices. In contrast, DMSO 

solvent has a swelling index above 60%-90%. In general, all solvents in this test have different values. This difference 

is determined by the chemical properties of each solvent and the biological response to the film degradation process, as 

shown in Figure 7. Swelling polymers from nano chitosan increases mechanical bonding by opening mucoadhesive sites 

for hydrogen bonding or electrostatic interactions between polymers and tissues. This concept is essential to be applied 

to surgical wounds [74]. 

Table 4. Swelling assessment of film membrane of NCHR 

Nano Chitosan Resveratrol 
Solvents (%) 

DMSO NaCl 0.9% PBS Aquadest 

NCHR 30% 62 92 100 92 

NCHR 20% 67 90 100 100 

NCHR 10% 70 100 100 100 

Nano Chitosan 90 100 100 93 

NCHR (Nano chitosan Resveratrol), DMSO (Dimethyl sulfoxide), PBS (Phosphate Buffer Saline) 

The swelling characteristics of chitosan films were employed to test the wound-healing process’s solubility and 

reactivity to intracellular and extracellular fluids [75]. The swelling film was described as a procedure for the flow of 

antibacterial and antioxidant-functioning active chemicals. In addition to serving in the drug delivery process, a good 

swallowing film extends the absorption phase of the active material in the wound area, aiding the immune system or 

promoting cell proliferation and tissue repair [76]. Good swelling depends on the reaction to bodily fluids and the 

adaptation of the wound environment. It depends on the nature of pH and temperature, as these two factors influence the 

film swelling process. Chitosan film has good swelling properties, which correlate with decreased allergic response [77].  

The swelling behavior of chitosan hydrogel depends on the amount and type of solvent and its ionic content. When 

the amount of water in the surrounding liquid increases, the difference in ionic concentration also increases, resulting in 

more significant swelling due to higher osmotic pressure [78]. Our findings demonstrated that PBS, Aquadest, and 0.9% 

NaCl solvents have greater swelling properties than DMSO for chitosan films. This difference is directly related to the 

pH of the solution, as DMSO has an alkaline pH, whereas aquadest solvents, 0.9% NaCl, and PBS, have a neutral pH 

(Table 2). The swelling process of the film in all buffer solutions was related to kinetic properties, according to 

experimental results. The swelling in acidic and neutral solutions is identical. In an alkaline solution, however, the 

enlargement of the film rises [79]. 

3-7- Permeability Assessment of Nano Chitosan Resveratrol 

Table 5 shows that the film membrane of NCHR has an excellent WVTR index in all solvents. The average value of 

R2 for each solvent was above 0.95 except for the PBS group with the film membrane of 30%NCHR (R2= 0.85), and the 

equates group at 20% NCHR (R2=0.84) and the nano chitosan group (R2=0, 88). However, this value is still a firm 

tolerance limit. All groups of solvents used in this study have excellent water vapor-lowering ability, so they are not 
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easily damaged. The WVTR value measures the water vapor that passes through the membrane film. The WVTR value 

is determined based on the value of a straight-line range (standard curve) [18]. Oxygen transmission rate (OTR) and 

vapor transmission rate (WVTR) are the two main ingredient specification properties that determine the shelf life of 

packaging [80]. 

Table 5. WVTR assessment of film membrane of NCHR influenced by various solvents 

Film membrane of Nano Chitosan Resveratrol 

DMSO Solvent (g/m2 × 24 h) 

n Mean±Sdev WVTR Value (%) 
Standard Curve 

y R² 

NCHR 30% 6 0.0854±0.048 9% 0.0294x - 0.0023 0.981 

NCHR 20% 6 0.0838±0.049 8% 0.0296x - 0.0042 0.986 

NCHR 10% 6 0.0932±0.050 9% 0.0315x - 0.0012 0.988 

Nano Chitosan 6 0.0838±0.049 8% 0.0295x - 0.004 0.985 

Film membrane of Nano Chitosan Resveratrol 

NaCl 0.9% Solvent (g/m2 × 24 h) 

n Mean±Sdev WVTR Value (%) 
Standard Curve 

y R² 

NCHR 30% 6 0.046±0.0157 4% 0.0122x + 0.0079 0.941 

NCHR 20% 6 0.118±0.049 12% 0.0337x + 0.0142 0.930 

NCHR 10% 6 0.1106±0.085 11% 0.0459x - 0.0226 0.938 

Nano Chitosan 6 0.114±0.037 11% 0.0299x + 0.0203 0.947 

Film membrane of Nano Chitosan Resveratrol 

PBS Solvent (g/m2 × 24 h) 

n Mean±Sdev WVTR Value (%) 
Standard Curve 

y R² 

NCHR 30% 6 0.059±0.023 6% 0.0159x + 0.0094 0.853 

NCHR 20% 6 0.061±0.041 6% 0.0235x - 0.0078 0.977 

NCHR 10% 6 0.107±0.045 11% 0.0314x + 0.0109 0.957 

Nano Chitosan 6 0.066±0.040 7% 0.0239x - 0.0045 0.978 

Film membrane of Nano Chitosan Resveratrol 

Aquadest Solvent (g/m2 × 24 h) 

n Mean±Sdev WVTR Value (%) 
Standard Curve 

y R² 

NCHR 30% 6 0.070±0.036 7% 0.0228x + 0.0018 0.965 

NCHR 20% 6 0.031±0.028 3% 0.014x - 0.0085 0.843 

NCHR 10% 6 0.023±0.0071 2% 0.0058x + 0.0048 0.910 

Nano Chitosan 6 0.025±0.0140 3% 0.0083x + 0.0009 0.888 

NCHR (Nano chitosan Resveratrol), DMSO (Dimethyl sulfoxide), PBS (Phosphate Buffer Saline), NaCl (Natrium Chloride). 

The WVTR index was utilized to evaluate the efficacy of preparing porous chitosan-coated cellulose composite 

membranes for prospective usage as wound dressings [81]. The permeability value can be used as a measure to describe 

the ability of the NCHR membrane film to sustain moisture permeability outside of the wound application environment. 

WVTR is the continuous flow of water vapor in unit time across a unit area of matter, normal to specified parallel 

surfaces, under specific temperature and humidity parameters on each character [82].  

In this study, the permeability of membrane films was measured using four solvents. The 0.9% NaCl solvent has the 

most excellent effect on enhancing the permeability films membrane of NCHR (average of 10%), followed by DMSO 

solvents (average of 9%), PBS (average of 7%), and Aquadest (average of 4%). When the membrane film responds to a 

wound environment impacted by intracellular and extracellular fluids, these four solvents are used as a simulation. 0.9% 

NaCl solution is a crystalloid fluid that contributes to the body’s fluid and electrolyte balance.  

Simulations in vitro demonstrated that 0.9% NaCl had a more significant impact on the permeability changes of 

NCHR membrane films. This assay delivers valuable information when conducting tests on experimental animals using 

0.9% NaCl analytical solutions. NaCl 0.9% is used to restore lost body fluids and salts, dilute other drugs and act as a 

sterile fluid to wash wounds, nasal passages, or surgical sites. The variation in the WVTR index, which was influenced 

by the solvent type, may be due to variances in chitosan film morphology generated by the interaction of Carboxymethyl 

cellulose (CMS) and glycerol with various chitosans, glycerol being more polar than CMS [83]. Due to intermolecular 

interactions between the chitosan polymer and the active ingredient of resveratrol, Chitosan-CMS was capable of 

producing partial cross-links with chitosan at higher resveratrol concentrations [84].  
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The WVTR index of NCHR membrane film impacted by 0.9% NaCl was superior to that of other solvents. It can be 

assumed that permeability calculation is independent of layer thickness. This assumption does not apply to edible films 

that are hydrophilic. The maximum permeability value of the NCHR membrane film in this investigation, which was 

affected by a 0.9% NaCl solution, indicates that this solution will increase the complexity of the water transport 

mechanism to and from the hydrophilic chitosan film [85]. The nonlinear water absorption isotherm and the water 

content-dependent diffusion isotherm contribute to this complexity [86]. When the film is cationic and contains 

hydrophilic water molecules, it interacts with the polymer matrix and enhances water vapor permeability, according to 

a report. The rise in water vapor corresponds to the increase in humidity, which causes the film to inflate [87]. The 

swelling creates a conformational shift in the film’s architecture, which increases its water absorption. In addition, raising 

the membrane film’s permeability results in channels inside the polymer structure, which can facilitate an increase in 

permeate flow [88]. As a result of swelling, the structure of the polymer has been altered to respond to the tension in the 

chitosan film during the absorption process [89]. 

3-8- Biodegradation Evaluation of Nano Chitosan Resveratrol 

Table 6 reports the biodegradation of NCHR membrane films in different solvents, where the DMSO group showed 

lower biodegradation properties, as reported in Figures 7 and 8. The assessment of the average value of 1-10 minutes of 

biodegradation treatment time showed that the aquadest solvent was able to higher film degradation (39%) than 0.9% 

NaCl and 29% PBS respectively. Meanwhile, the DMSO solvent had a lower film-dissolving ability (3%) (Figure 7). 

This biodegradation property can be used as a reference for formulating a mixture of chitosan films applied to surgical 

wounds with different properties and healing times, such as bone, tissue, muscle, and mucosa. 

Table 6. Biodegradation of film membrane of NCHR 

Time (Minutes) n 

DMSO -Biodegradation (600 nm) 

NCHR 30% NCHR 20% NCHR 10% Nano Chitosan 

Mean±Sdev Mean±Sdev Mean±Sdev Mean±Sdev 

1 3 0.048±0.000 0.046±0.000 0.046±0.000 0.048±0.001 

2 3 0.058±0.001 0.049±0.002 0.048±0.005 0.046±0.001 

4 3 0.069±0.001 0.054±0.001 0.047±0.005 0.047±0.001 

6 3 0.071±0.003 0.052±0.001 0.048±0.060 0.049±0.005 

8 3 0.071±0.001 0.052±0.001 0.048±0.001 0.047±0.005 

10 3 0.073±0.005 0.054±0.005 0.047±0.001 0.046±0.005 

*p-value 18 0.041 0.012 0.043 0.002 

Time (Minutes) n 

NaCl 0.9%-Biodegradation (600 nm) 

NCHR 30% NCHR 20% NCHR 10% Nano Chitosan 

Mean±SD Mean±SD Mean±SD Mean±SD 

1 3 0.521±0.037 0.688±0.142 0.954±0.303 0.352±0.202 

2 3 0.494±0.090 0.434±0.055 0.0492±0.023 0.154±0.067 

4 3 0.889±0.024 0.666±0.097 0.795±0.134 0.187±0.025 

6 3 0.401±0.095 0.546±0.045 1.132±0.079 0.218±0.032 

8 3 0.323±0.127 0.543±0.027 1.054±0.106 0.303±0.127 

10 3 0.309±0.040 0.545±0.093 0.855±0.097 0.128±0.001 

*p-value 18 0.003 0.022 0.047 0.001 

Time (Minutes) n 

PBS Biodegradation (600 nm) 

NCHR 30% NCHR 20% NCHR 10% Nano Chitosan 

Mean±SD Mean±SD Mean±SD Mean±SD 

1 3 0.581±0.170 0.444±0.136 0.84±0.357 0.217±0.111 

2 3 0.691±0.1998 0.44±0.087 0.709±0.221 0.23±0.067 

4 3 0.672±0.078 0.463±0.154 0.634±0.153 0.182±0.019 

6 3 0.538±0.104 0.585±0.165 0.945±0.304 0.152±0.044 

8 3 0.559±0.245 0.473±0.114 0.851±0.209 0.184±0.014 

10 3 0.701±0.279 1.045±0.252 0.738±0.147 0.205±0.001 

*p-value 18 0.004 0.05 0.021 0.003 
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Time (Minutes) n 

Aquadest Biodegradation (600 nm) 

NCHR 30% NCHR 20% NCHR 10% Nano Chitosan 

Mean±SD Mean±SD Mean±SD Mean±SD 

1 3 1.017±0.070 0.68±0.040 0.723±0.078 0.305±0.076 

2 3 0.782±0.1211 0.685±0.104 0.735±0.251 0.221±0.015 

4 3 1.063±0.133 0.893±0.185 0.761±0.037 0.228±0.0671 

6 3 1.266±0.127 1.009±0.073 0.792±0.057 0.241±0.024 

8 3 1.219±0.123 1.099±0.176 0.567±0.069 0.211±0.008 

10 3 1.29±0.189 0.833±0.155 0.516±0.049 0.189±0.002 

*p-value 18 0.004 0.05 0.021 0.003 

* One Way Anova, NCHR (Nano Chitosan Resveratrol), DMSO (Dimethyl sulfoxide), PBS (Phosphate Buffer Saline), NaCl (Natrium Chloride) 

 

Figure 7. Biodegradation of film membrane of NCHR with different solvents(A) Biodegradation of film membrane of nano 

chitosan in various solvents based on treatment time (minutes). (B) Percentage of total biodegradation of film –membrane of 

nano chitosan various solvents. The aquadest solvent has higher biodegradation properties than other solvents (NaCl 0.9%, 

PBS, and DMSO). 

 

Figure 8. Biodegradation of film membrane of NCHR with different solvents. Line 1 (DMSO), Line 2 (Nacl 0.9%), Line 3 

(PBS), and Line 4 (Aquadest). Each solvent used a different time to measure the degradation of the film (A) 1 minute, (B) 2 

minutes, (C) 4 minutes, (D) 6 minutes, (E) 8 minutes, (F) 10 minutes. Bar scale 200 µm. 
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In the DMSO solvent group, the degradation of the film for 1, 2, 4, 6, 8, and 10 minutes exhibited the same solubility 

(3%), as shown in Figure 6. In the 0.9% NaCl group at 1 and 4 minutes, film degradation was more significant (33%), 

while in the PBS group at 10 minutes, film degradation was better (36%), and in the solvent group with distilled water, 

film degradation was greater (41%). Figure 7 depicts the qualitative data as a representation of Figure 6’s depiction of 

the degradation of the resveratrol chitosan film as a result of exposure to various solvents.  

According to the data, 0.9% NaCl and PBS exhibited superior biodegradability compared to DMSO and aquadest. 

The degradation time of plant-derived active substances used for wound dressing must coincide with the healing phase 

[90]. Over time, the dissolution of the active substance from a film, capsule, or membrane sheet is greatly anticipated. 

According to reports, the size of the solution’s pH significantly affects its solubility because the pH balance (neutral pH) 

influences the solution’s ionic and catalytic properties [91]. NaCl 0.9% and PBS possess ionic characteristics and steady 

conductivity, enhancing the materials' conductivity transfer [92]. The conductivity qualities follow the change of the 

material mixed with the solution, which is consistent with the time-dependent degradation properties. 

The biodegradation value can be used as a reference for use in the film mechanization process before being applied 

to post-surgical wounds. These solvents have different biomechanical properties when degrading the chitosan film 

structure [93]. Hopefully, this examination can serve as a reference for the application of films to surgical sites or sites, 

both in bone surgery and surgical wounds on tissue or mucosa. The biodegradation of films as drug delivery is primarily 

determined by pH, temperature, and the composition of the constituent elements of the film [94]. The film membrane of 

NCHR with an alkaline pH has a lower solubility response in the chitosan film experiment. The tendency for structural 

changes and hydrogen bonds is higher at an acidic or neutral pH, causing the film to break more easily and dissolve [95]. 

Biodegradation testing is determined using films for drug delivery at surgical sites and locations. The degradation of the 

chitosan film or other drug bases is expected to be in line with the healing time [96]. 

Chitosan is regarded as a highly biocompatible biopolymer due to its biodegradability, bioadhesives, and bioactivity, 

allowing it to be used in a variety of applications. As a wound dressing, chitosan as a film preparation is anticipated to 

disintegrate. The increase in film breakdown is expected to boost wound absorption of active chemicals. Not only is the 

disintegration of chitosan film affected by the entry of cellular and extracellular fluids, but also by the enzymatic response 

to become non-toxic components. Chitosan can be digested in vivo by the nonspecific enzyme lysozyme, which is 

present in all mammalian tissues. This enzyme has a pH of 5.2, and its activity is influenced by temperature and pH 

levels [97]. 

3-9- Antibacterial Activities of Nano Chitosan Resveratrol 

Tables 7 and 8 report oral bacteria’s inhibition (Porphyromonas gingivalis), the film membrane of NCHR with 

various concentrations could maintain bacterial cell populations (assessed by spectrophotometry) below 300 CFU/mL. 

The bacteriostatic properties of the membrane films are in line with Table 8, where the MIC membrane film test showed 

a solid inhibitory scale (> 15 mm) at 24 hours and 48 hours. Except for 24 hours of the chitosan nano group with the 

medium shell. However, the NCHR, with various concentrations, can control the growth of bacteria. Another finding is 

that the MIC properties of the membrane film in Table 8 decrease but are still in the sensitive range. Based on the 

spectrophotometric assessment, the reference value for the growth of S. mutans is OD 0.05 nm (<150 CFU/mL), 0.08–

0.1 nm (Mc Farlan 0,5; <300 CFU), OD 0,11-0,29 nm (Mc Farland 1; 300–600 CFU); OD 0,3-0,49 nm (Mc Farland 2; 

600–1200 CFU. Mc. Farland Standard for in vitro use only, Catalogue No. TM50-TM60, Scott Sutton, Measurement of 

Microbial Cells by Optical Density, 2011) [24]. 

Table 7. Growth of Porphyromonas gingivalis under the influence of film membrane of NCHR with different solvents 

Nano 

Chitosan 

Resveratrol 

n 

Porphyromonas gingivalis Growth (600 nm) 

DMSO NaCl 0.9% PBS Aquadest 

Mean±Sdev 
Colony 

(CFU/mL) 
Mean±SD 

Colony 

(CFU/mL) 
Mean±SD 

Colony 

(CFU/mL) 
Mean±SD 

Colony 

(CFU/mL) 

NCHR 30% 3 0.065±0.043 <300 0.078±0.009 <300 0.071±0.008 <300 0.086±0.011 ≤300 

NCHR 20% 3 0.024±0.001 <200 0.068±0.017 <300 0.058±0.006 <300 0.062±0.015 <300 

NCHR 10% 3 0.077±0.016 <300 0.055±0.009 <300 0.057±0.010 <300 0.046±0.002 <300 

Nano Chitosan 3 0.066±0.027 <300 0.066±0.007 <300 0.046±0.003 <200 0.072±0.021 <300 

*p-value 12 0.005 0.049 0.001 0.000 

* One Way ANOVA; NCHR (Nano Chitosan Resveratrol), DMSO (Dimethyl sulfoxide), PBS (Phosphate Buffer Saline), NaCl (Natrium Chloride) 
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Table 8. Minimal Inhibition Concentration of Porphyromonas gingivalis in the effect of film membrane of NCHR based on 

incubation time 

Nano Chitosan Resveratrol n 

Minimal Inhibition Concentration (mm) 

*p-value 24 hours 48 hours 

Mean±Sdev Sensitive Frequency Mean±Sdev Sensitive Frequency 

NCHR 30% 5 16.02±1.15 Strong 24% 16.6±2.05 Strong 27% 

0.077 
NCHR 20% 5 18.93±2.54 Strong 29% 15.54±1.03 Strong 25% 

NCHR 10% 5 16.56±1.37 Strong 25% 15.05±0.21 Strong 24% 

Nano Chitosan 5 14.1±0.27 Medium 21% 15.04±1.02 Strong 24% 

* p=Value 20 0.031 0.062  

* One Way ANOVA; NCHR (Nano Chitosan Resveratrol), DMSO (Dimethyl sulfoxide), PBS (Phosphate Buffer Saline), NaCl (Natrium Chloride) 

Bhargav (2016) reported that the inhibition zones at values of 100 µg/disc and the minimum inhibitory concentrations 

(MIC) for the four bacterial strains were in the range of 11.0–20.0 mm and 125–250 g/mL, respectively [98]. Generally, 

standard antibiotics for ampicillin with a range of < 11 mm are insensitive, 12–13 mm are quite sensitive, and > 13 mm 

are very sensitive. The film membrane of NCRH tested in this study is very sensitive to bacterial growth. Dai (2011) 

reported that chitosan could be used to prevent or treat wound and burn infections because it has antimicrobial properties 

and can also act as drug delivery to increase growth factors in wound healing [99]. Chitosan can prevent or treat wound 

and burn infections due to its inherent antimicrobial properties and ability to deliver extrinsic antimicrobial agents to 

burns. It can also be used as a slow-release drug delivery vehicle for wound-healing growth factors [100]. 

Due to its inherent antibacterial properties, chitosan inhibits the growth of bacteria and fungi, such as Staphylococcus 

aureus. The application of chitosan as an antibacterial disrupts the structural membrane wall, thereby increasing the 

damage to cell structures on the surface of the cell wall and the death of bacteria due to the failure of active transport 

between the extracellular and intracellular compartments [101]. Chitosan possesses antimicrobial properties that inhibit 

the ROS system of pathogenic cells. In conjunction with natural resveratrol, bacterial oxidation is inhibited by increasing 

wound healing growth factors [99]. The ability of resveratrol-labeled chitosan to act as a bacterium in vitro is a reference 

for its use in preventing an increase in infections and accelerating wound healing [102]. Theoretically, Yilmaz Atay 

(2019) describes the mechanism of action of chitosan as an antibacterial as penetrating negatively charged bacterial cell 

walls, causing interference with cell interactions with the surrounding environment, thereby altering membrane 

permeability and toxicity to DNA, which inhibits DNA replication and causes cell death [103]. 

4 - Conclusion  

The nano chitosan of crab shell includes the Ethane chemical 1,1-diethoxy- (CAS) 1,1-Diethoxye (81.06%) as the 

antitoxic and anti-inflammatory. Additionally, it contains the active compounds of 3-penten-2-one 4-methyl and Terpene 

d-Limonene, which function as anti-inflammatory, immunomodulatory, antiproliferative, and antioxidant agents. The 

chemical components present in crab shell micro chitosan are oxygen (82.8%), calcium (9.4%), magnesium (5.2%), and 

phosphorus (2.8%). 

The membrane film of 30% NCHR and the film membrane of nano chitosan had excellent stability of pH changes 

(25% each) in all solvents (DMSO, 0.9% NaCl, PBS, and aquadest). In addition, 0.9% NaCl solvent has better solubility 

properties against the film membrane of NCHR than all other solvents (99% each). Swelling of the film membrane of 

NCHR was very good in PBS and 0.9% NaCl solvents, and the best changes in the permeability of the film membrane 

of NCHR were NaCl 0.9% (average of 10%), DMSO solvents (average of 9%), PBS (average of 7%), and aquadest 

solvents (average of 4%). NaCl 0.9% and PBS have better biodegradation properties against the film membrane of 

NCHR than the solvents DMSO and aquadest. All solvents with varying concentrations of each film membrane of NCHR 

and the film membrane of nano chitosan film without resveratrol had strong bacteria inhibitory effects for 24 and 48 

hours. 

5- Nomenclatures 

DMSO Dimethyl Sulfoxide NaCl Natrium Chloride 

PBS Phosphate Buffer Saline WVTR Water Vapor Transmission Rate 

OTR Oxygen Transmission Rate NCHR Nano Chitosan Resveratrol 

NCH Nano Chitosan CMC Carboxymethyl Cellulose 

SEM-EDS Scanning Electron Microscope-Energy Dispersive X-Ray   
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