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Abstract 
Due to several limitations of acetylated starch film for wound dressing applications such as low 

mechanical properties and no antibacterial activity, acetylated starch film was, therefore, modified 
by different contents of κ-carrageenan and mandelic acid. Infrared spectra confirmed the presence of 
κ-carrageenan and mandelic acid in the modified acetylated starch films. In addition, the decreased 
crystallinity of the carrageenan modified acetylated starch films led to more smooth film, as observed 
by scanning electron images. Besides, the addition of various amounts of κ-carrageenan in the modified 
acetylated starch films caused the improvement of mechanical properties, moisture uptake, water vapor 
transmission rate (WVTR), and degree of swelling. Moreover, κ-carrageenan modified acetylated 
starch film loaded with 20 wt% of mandelic acid exhibited antibacterial property against both S.aureus 
and E.coli bacteria. Additionally, degree of crystallinity, mechanical properties, moisture uptake, WVTR, 
degree of swelling, antibacterial activity, and cytotoxicity of κ-carrageenan modified acetylated starch 
films added by different amounts of mandelic acid were also studied. 

1. Introduction

The ideal wound dressing for wound healing should serve several
purposes. Firstly, it should promote a moist healing environment by 
allowing appropriate steam to pass through helping to absorb excess 
fluid and inflammation from the wound. The wound dressing should 
also possess antioxidant and antimicrobial properties to prevent 
infection and support the healing process. It should also be bio-
degradable and biocompatible, ensuring compatibility with the body's 
tissues. Lastly, the wound dressing should be easily detachable from 
the wound surface [1]. Natural wound dressing films can be made 
from various biopolymers such as chitosan, gelatin, starch, etc [2].  

Starch is a widely studied raw material that has gained significant 
attention for several reasons. It is valued for its low production cost, 
abundant availability, biodegradability, and various desirable properties, 
such as being odorless, colorless, and non-toxic [3,4]. The natural 
form of starch has limited utility because of its properties. However, 
through modification, starch can be enhanced and made more versatile. 
Among the various modifications such as oxidation, esterification, 
etherification, etc, acetylation has received significant attention in 
starch research [5].  

The use of acetylated starch (AS) in food applications has gained 
interest due to its thickening properties. For food applications, acetyl 
groups are introduced at a relatively low level. The maximum allowable 
degree of substitution (DS) is 0.2, for acetylated starches as assigned 
by US Food and Drug Administration (FDA) in 1980 [6]. AS can be 
prepared via esterification, i.e. acetylation by acetic acid, acetic 

anhydride, ketone, or vinyl acetate. Acetylation replaces hydroxyl 
groups of starch with acetyl groups, which reduces bond strength 
between the starch chains [7]. This caused the increase of swelling 
and solubility properties, the decrease of retrogradation, and the 
improvement of clarity (DS = 0.03-0.08) [8]. It was reported that 
mechanical properties of AS decreased when DS was increased 
(0.03 to 0.05) [9]. In order to improve its functional properties of AS 
film, such as poor mechanical properties and degree of swelling, the 
addition of another polymer with AS is an interesting approach. 

AS has been mentioned to be blended by several types of polymers, 
for example polyvinyl alcohol (PVA) and chitosan. It was found that 
when PVA content was increased, elastic modulus, tensile strength, 
elongation, and degree of swelling of AS/PVA films increased and 
oil permeability reduced [10]. Moreover, water vapor permeability 
of AS/chitosan films decreased with increasing chitosan content [11]. 

Furthermore, carrageenan is one of the biopolymers that can 
blend with AS. Carrageenan is a linear polysaccharide with sulfated 
groups in the molecule, commonly found in intercellular matrix and 
cell walls of various red seaweed species. The main structure of 
carrageenan consists of alternating disaccharide repeating units, 
with ß-D-galactose at position 3 and α-D-galactose at position 4. 
Carrageenan can be categorized into three types based on 3,6-
anhydrogalactose, the position and number of sulfated groups: kappa 
(κ), iota (ι), and lambda (λ) carrageenan [12]. Carrageenan has been 
widely applied in several industries, such as thickeners, stabilizers, 
emulsifiers, gelling agents, and non-toxic ingredients in food, toothpaste, 
shampoo, and cosmetics, due to its high hydrophilicity, mechanical 
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strength, and biocompatibility. Additionally, the gelling property of 
carrageenan further enhanced the film stability [13-15]. It was 
mentioned that the addition of κ- carrageenan led to the increase of 
tensile strength and water solubility of thermoplastic starch because 
of hydrogen bond formation between starch and κ-carrageenan 
[16]. Furthermore, tensile strength, degree of swelling, water vapor 
permeability and water solubility of agar/ κ-carrageenan blend tended 
to increase with the increasing content of κ-carrageenan [17]. 
Furthermore, tensile strength, elastic modulus and degree of swelling 
of κ-carrageenan /cassava starch/PVA films increased with increasing 
κ-carrageenan content [18]. Therefore, blending κ-carrageenan could 
increase the good mechanical properties and degree of swelling of 
AS film. 

In addition, antimicrobial activity is one of the important 
characteristics for wound dressing. Therefore, several studies have 
been investigated on improving the antibacterial activity of wound 
dressing films to expand the use of wound dressing application. 
Phenolic compounds have been recognized for their effective 
antibacterial and antioxidant properties, making them interesting 
candidate for medical and pharmaceutical applications [19]. One 
way to enhance the antibacterial activity of wound dressing films is 
to use phenolic acid, such as benzoic acid or mandelic acid (MA). 
MA is an optically active α-hydroxy acid with the chemical formula 
C8H8O3. It is classified within a group of compounds that contain 
an aromatic ring in their structure. With a pKa value of 3.4, MA 
exhibits acidic properties. Its natural source can be obtained from 
almonds, apricots, and cherries. MA finds applications in various 
medical and peri-medical fields, particularly dermatology, pharmacy, 
and cosmetology [20]. It was mentioned that the incorporation of 
MA in soy protein-based films caused the improvement of antibacterial 
activity, against E.coli [21,22]. In addition, MA also exhibited effective 
antibacterial property against S.aureus bacteria [23]. 

To the best of our knowledge, there has been no report for 
natural films prepared from AS/κ- carrageenan blend incorporated 
by MA for wound dressing application. Fourier-transform infrared 
(FTIR) spectroscopy, X-ray diffraction (XRD) and scanning electron 
microscopy (SEM), were used to characterize all AS modified films. 
In addition, mechanical property, moisture uptake, water vapor 
transmission rate (WVTR), degree of swelling, antibacterial activity, 
and cytotoxicity were also determined. 
 
2.  Experimental  
 
2.1  Materials 

Native cassava starch was purchased from E.T.C. Eaibtongchan 
Co., Ltd (Nonthaburi, Thailand). Vinyl acetate monomer (VA) (AR 
grade ≥99.0%) was received from Tokyo Chemical Industry Co., Ltd 
(Tokyo Japan). κ-carrageenan (CAR) (particle size of less than 
250 μm, Commercial grade) and MA (Cosmetic grade) were obtained 
from Krungthepchemi CO., Ltd (Bangkok, Thailand) and Canjao 
Lomgevity CO., Ltd (Bangkok, Thailand), respectively. Glycerol (Food 
grade ≥99.7%) was procured from Chemipan Co., Ltd (Bangkok, 
Thailand). Sodium hydroxide and Hydrochloric acid were AR grade. 
 
2.2  Preparation of AS 

 
The acetylation (esterification) for cassava starch was performed 

following to the technique outlined by Raina et al. [24]. Briefly, 
cassava starch (162 g) was suspended in distilled water (220 mL) and 
stirred until the starch suspension was formed at room temperature. 
pH of the solution was adjusted to 8.0 using NaOH (3% w/v), and 
VA was, then, added to the solution while pH was maintained between 
8.0 and 8.4 by adding NaOH at room temperature. The reaction was 
terminated by adjusting pH to 4.5 using HCl (0.5 M). After that, the 
filtered product was then washed five times with distilled water 
before being dried at 60℃ for 8 h. Finally, the product was milled, 
sieved (70 µm), and stored for further use. 

DS of the prepared AS was carried out according to Kalita et al. 
[25]. The process involved dispersing 5 g of AS starch in 50 mL of 
distilled water, adding phenolphthalein indicator and titrating with 
NaOH (0.1 M) until a permanent pink color was achieved. Then, 25 mL 
of NaOH (0.45 M) was incorporated to the mixture and shaken 
vigorously for 30 min. The excess alkali was neutralized by back 
titration with HCl (0.2 M) until the pink color disappeared. DS of 
the prepared AS was 0.08 ± 0.01, classified as low DS. 

 
2.3   Preparation of AS and modified AS films 

 
AS samples were prepared using glycerol as the plasticizer. 

Different amounts of CAR (0, 10, and 30 wt%) were incorporated 
to AS matrix, namely, AS, AS-10CAR and AS-30CAR and three 
different amounts of MA (10, 15, and 20 wt%) were added to the blend 
of AS and CAR matrix, namely, AS-30CAR-10MA, AS-30CAR-
15MA and AS-30CAR-20MA (Table 1). The film forming solutions 
were kept at a concentration of 7% (w/v) using 30 wt% of glycerol. 
The film solution was heated and stirred until the temperature reached 
85℃ for 15 min. Finally, the film solution was poured into PP trays 
and then dried at 60℃ for 10 h. 
 

Table 1  Compositions of different AS modified films. 
 

Samples AS  
(wt%) 

CAR  
(wt%) 

MA  
(wt%) 

AS 100 - - 
AS-10CAR 90 10 - 
AS-30CAR 70 30 - 
AS-30CAR-10MA 70 30 10 
AS-30CAR-15MA 70 30 15 
AS-30CAR-20MA 70 30 20 
 
  



 Natural wound dressing films prepared from acetylated starch/κ-carrageenan blend incorporated with mandelic acid 

J. Met. Mater. Miner. 34(2). 2024   

3 

2.4  FTIR 
 
FTIR spectroscopic study was conducted to record IR spectra 

using a device called IRTracer-100 (Shimadzu, Japan). The scanning 
range spanned wavelengths from 4000 cm‒1 to 700 cm‒1 with 
a resolution of 4 cm‒1 and 20 consecutive scans were taken to obtain 
the spectra. 
 
2.5   XRD 

 
A diffractogram was obtained by XRD-6100 (Shimadzu, Japan) 

using CuKα radiation operated at a wavelength of 1.54 Å, 40 kV and 
30 mA, over an angular range of 2θ = 5° to 50°. The degree of crystallinity 
was then calculated using Equation (1) : 

 
Crystallinity (%)  =  Ac

Ac+Aa
 × 100  (1) 

 
The crystalline region (2θ = 12° to 28°), denoted as Ac, and the 

amorphous region (2θ = 5° to 50°), denoted as Aa, were determined 
on the X-ray diffractogram. 

 
2.6  Morphology 

 
Cross-sectional morphology of a specimen was determined using 

a scanning electron microscope (SEM) (JSM-IT500HR, JEOL, LA) 
which operated at an accelerating voltage of 10 kV with 2000X 
magnification. The specimen was fractured under liquid nitrogen, 
fixed on a stub and coated by a thin gold film. 

 
2.7   Mechanical properties 

 
Mechanical properties of a sample was performed using a Universal 

testing machine (Cometech QC-536M1, Taiwan), equipped with 
2 kN load cell and operated at 50 mm∙min‒1 crosshead speed, in 
accordance with ASTM D-882 standard. Prior to the test, the sample 
(100 × 15 mm²) was kept at 60 ± 2% RH using a saturated ammonium 
nitrate solution. The mechanical tests were carried out at 23 ± 1℃ 
and 60 ± 2% RH. The thickness of the film was in the range of 0.15 mm 
to 0.20 mm. At least twelve samples were used and the averaged 
values were, then, calculated. 

 
2.8  Moisture uptake, WVTR and degree of swelling 

 
The moisture uptake experiment involved drying a film at 105℃ 

for 2 h and then storing it in a closed receptacle at 99 ± 1% RH. The 
moisture content absorbed by the sample was then measured over 
7 days following ASTM D-570 method. Moisture uptake percentage 
was calculated using Equation (2) : 

 
Moisture uptake (%) = W2-W1

W1
 × 100  (2) 

 
where W1 and W2 were the dried and the wet weights of the sample, 

respectively. 
The gravimetric modified cup method (ASTM E96) was used to 

determine WVTR. The process involved placing a sealed cup with 
the sample being tested (with an area of 19.63 cm2) in a chamber with 

a constant 75% RH created by a saturated solution of sodium chloride. 
The cup was weighed and then re-weighed every 24 h for a period 
of 7 days. WVTR value was then calculated using Equation (3) : 

 
WVTR = ∆m

(∆t .A)
 × 100 (3) 

 
where ∆m/∆t represented the weight gain of samples per day 

(g∙day‒1), and A denoted the permeative surface area of samples 
(cm²). 

For the determination of degree of swelling, a film (1 in × 1 in) 
was dried at 105℃ for 2 h and then soaked in distilled water for 24 h 
at room temperature. The wet weight of the wet sample (W2) was 
measured after blotting water from its surface. Swelling percentage 
was calculated as follows: 

 
Swelling (%) = W2-W1

W1
 × 100 (4) 

 
where W1 and W2 were the dried and the wet weights of the sample, 

respectively. 
 

2.9  Antibacterial activity 
 
The agar diffusion method was selected to examine antibacterial 

property of a film. Sample discs (with a diameter of 10 mm) were 
placed on agar plates containing gram-positive (S.aureus) and gram-
negative (E.coli) strains, followed by incubation at 37℃ for 24 h. 
The antibacterial property of the sample was examined by measuring 
the diameter of the inhibited zone. 

 
2.10  In vitro cytotoxicity 

 
MTT assay was used to conduct a cytotoxicity test on human 

keratinocyte (HaCat) cells. The sample (0.0115 ± 0.0007 g) was soaked 
in phosphate-buffered saline, filtered, and incubated (37℃, 24 h) 
with DMEM (Dulbecco's Modified Eagle Medium) and 10% FBS 
(Fetal Bovine Serum). HaCat cells (100 µL, 1 × 105 cells∙mL‒1) were 
seeded into each well of a 96-well plate and incubated (37℃, 24 h). 
The incubated filtrate mixture (100 mL) and MTT solution (5 mg∙mL‒1, 
10 µL) were added and incubated at 37℃ for 4 h. Subsequently, the 
solution of formazan dissolution was added to the well, and the 
resultant solution was measured for absorbance at 570 nm using 
a Biochrom microtiter plate reader. Cell morphology was determined 
using optical microscope images. The percentage of cytotoxicity and 
cell viability were calculated using Equations (5-6). 

 
Cytotoxicity (%) = ((A‒B)/A) × 100 (5) 

 
Cell viability (%) = 100 – Cytotoxicity (6) 

 
where A represented the absorbance of the control well and B 

represented the absorbance of the test well. 
 

2.11  Statistical Analysis 
 
The analysis of variance (ANOVA) procedure was used to conduct 

statistical analysis with IBM SPSS statistics 25 software. Tukey’s test 
was employed to assess differences among the means (p < 0.05). 
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3.  Results and Discussion  
 
Different biodegradable wound dressing films were prepared 

from modified cassava starch with VA resulted in the replacement 
of hydroxyl groups (-OH) in molecules of starch with acetyl groups 
(-COCH3) from VA via acetylation reaction, yielding AS [7]. AS 
film modified by CAR could create hydrogen bonds between AS and 
CAR molecules. Furthermore, the stable structure of CAR (Figure 1(a)) 
caused by electrostatic interaction between potassium ion and sulfate 
groups on CAR chains promoted network structure formation [18]. 
Moreover, the addition of MA to the film (Figure 1(b)) may also result 
in forming hydrogen bonds between hydroxyl or carbonyl groups 
of MA molecules and hydroxyl groups of the matrix molecules.   
 
3.1  FTIR 

 
FTIR technique can be used to analyze functional groups of 

various AS films. FTIR spectrum of several AS films with different 
CAR and MA contents indicated polysaccharide characteristics, as 
shown in Figure 2 and all AS films represented resembling FTIR 
spectra. The FTIR main peak positions of AS films were located at 
3600 cm‒1 to 3200 cm‒1, 3000 cm‒1 to 2800 cm‒1, 1485 cm‒1 to 1425 cm‒1, 
1300 cm‒1 to 1000 cm‒1 and 900 cm‒1 to 700 cm‒1 exhibited O‒H 
stretching, C‒H asymmetric stretching of ‒CH2‒ and ‒CH3‒, O‒H 
bending, C‒O‒C stretching and C‒O‒C ring vibration of starch, 
respectively [26]. The peak position at 1724 cm‒1 was caused by 
C=O stretching of acetyl groups from the acetylation [6, 25]. 

When CAR was incorporated into AS matrix (AS-CAR), the 
characteristic bands of CAR were strengthened at the peak positions 

of 1242 cm‒1, 923 cm‒1 and 846 cm‒1 contributed to the asymmetric 
stretching of O=S=O of ester sulfate groups, C‒O‒C stretching of 
3,6-anhydrogalactose and C‒O‒S stretching of galactose-4-sulfate, 
respectively [27]. It was observed that the peak position at 3500 cm‒1 to 
3300 cm‒1, which was due to O‒H stretching band shifted to lower 
wavenumbers, when increasing the amount of CAR. It was due to 
new hydrogen bonding interaction between hydroxyl groups of CAR 
and AS molecules. The result was similar to the research reported for 
hydrogen bond formation observed in starch-carboxymethyl cellulose 
(CMC) blend [28].  

FTIR spectra of various AS films added with 30CAR and different 
MA contents (10, 15, and 20% w/w) were shown in Figure 2(b). It was 
observed that the wavenumber of O-H stretching band (3500 cm‒1 
to 3300 cm-1) shifted to lower wavenumbers and the intensity of the 
wavenumber decreased (Figure 2(b) and Table 2) since hydroxyl or 
carbonyl groups of MA could form hydrogen bonding with hydroxyl 
group of the matrix molecule. Simultaneously, hydrolysis of the 
polymer matrix could also take place. Similar observation was found 
for corn starch/pullulan/gallic acid (CS/PUL/GA) films. It showed 
O‒H stretching peak at 3350 cm‒1 in CS/PUL/GA spectrum and shift 
a lower wavenumber due to the hydrogen bond between hydroxyl 
group of GA and CS/PUL [29]. Furthermore, the wavenumber at 
1650 cm‒1 to 1640 cm‒1, corresponded to C=C stretching of the aromatic 
MA was observed and this peak position confirmed the presence of 
MA in the film.  In addition, the intensity of wavenumber at 1724 cm‒1, 
which was due to C=O stretching of both from AS and MA molecules 
[30]. Furthermore, the intensity of 1724 cm‒1 tended to increase with 
the increasing content of MA.  

 

           
Figure 1  Possible interactions of modified AS films (a) AS-CAR film, and (b) AS-30CAR-MA film. 
 
Table 2  Peak heights and ratios of peak heights of AS-30CAR-MA films. 
 
Sample  Peak height  Ratio of peak height 
  3500 cm‒1 to 3300 cm‒1 846 cm‒1  3500 cm‒1 to 3300 cm-1/846 cm‒1 
AS-30CAR  30.45 10.46  2.91 
AS-30CAR-10MA  28.80 10.87  2.65 
AS-30CAR-15MA  25.53 11.03  2.31 
AS-30CAR-20MA  21.71 10.46  2.08 

Remark: ratio of peak height = peak height of interested peak/peak height of referenced peak of 846 cm‒1. 
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3.2  XRD 
 
Percentage of crystallinity for different AS films can be determined 

using XRD analysis, as shown in Table 3 and Figure 3. It was found 
that AS film exhibited the diffracted peak at 2θ of 20.2° corresponded 
to V- and E-type crystal structure [31]. The same diffracted peak 
appearance was also observed when CAR was incorporated into AS 
film (AS-CAR). However, the peak intensity and degree of crystallinity 
of AS-CAR films decreased significantly compared to AS film and 
this was because CAR was amorphous in nature [32]. Moreover, 
hydrogen bonding between hydroxyl groups of CAR and AS starch 
molecules could hinder the molecular arrangement of the starch, caused 

the drop of crystallinity of the film. Similar observation was reported 
for starch and CAR blend, and it was found that the crystallinity of 
the starch film reduced when CAR was increased [33]. 

When MA was incorporated into (AS-30CAR-MA) films, the 
new diffracted peaks were observed at 2θ values of 9.5° and 28.6° 
and these diffracted peaks confirmed the presence of MA in the film 
[34]. With the increasing amount of MA, it was observed that the 
peak intensity at 2θ of 9.5° and 28.6° was slightly increased while 
the intensity of the peak at 2θ of 20.2° was decreased. As a result, 
the increase of MA content resulted in partly interruption of the 
crystallization in the polymer matrix. 

      

Figure 2.  FTIR spectra of (a) AS and AS-CAR films, and (b) AS-30CAR films with different contents of MA. 
 

                      

Figure 3  X-ray diffractograms of (a) AS and AS-CAR films, and (b) AS-30CAR films with different contents of MA.
 

Table 3  Percentage of crystallinity and mechanical properties of AS films with different contents of CAR and MA. 
 
Samples Crystallinity Maximum stress Elastic modulus Maximum strain 
 (%) (MPa) (MPa) (%) 
AS 33.82 1.13 ± 0.13a 5.66 ± 1.39a 172.16 ± 2.57a 
AS-10CAR 29.87 2.21 ± 0.07b 25.33 ± 0.90b 60.51 ± 2.3b 
AS-30CAR 21.88 5.24 ± 0.17c 105.69 ± 2.32c 44.47 ± 2.37b 
AS-30CAR-10MA 21.63 1.55 ± 0.08d 26.52 ± 3.28b 96.79 ± 7.46c 
AS-30CAR-15MA 20.44 0.76 ± 0.05e 12.14 ± 0.37d 106.20 ± 9.62c 
AS-30CAR-20MA 18.80 0.71 ± 0.04e 10.81 ± 1.05d 170.44 ± 17.14a 

Based on Tukey’s test, different superscripts in the same column are significantly different (p < 0.05). 



 SRIPHOCHAI, W., and PRACHAYAWARAKORN, J. 

J. Met. Mater. Miner. 34(2). 2024    

6 

 

Figure 4  Cross-section characteristics of various AS films (a) AS, (b) AS-
10CAR, (c) AS-30CAR, (d) AS-30CAR-10MA, (e) AS-30CAR-15MA, and 
(f) AS-30CAR-20MA. 

 
3.3  Morphology 

 
Figure 4 shows morphology of several AS films determined by 

SEM technique. The cross-section morphology of AS samples 
(Figure 4(a)) was homogeneous, with some rough area. For AS-CAR 
films (Figure 4(b-c)) smoother and more homogeneous cross-sectional 
surface were observed, as compared to AS film (Figure 4(a)). This 
was because the similar chemical structures of both AS and CAR, 
caused the good phase compatibility. Additionally, due to the amorphous 
characteristics of CAR, the increasing amount of CAR brought about 
the smooth of the films. When MA was added to AS-30CAR-MA films 
(Figure 4(d-f)), the cross-sectional surface of the sample exhibited 
similar characteristics as AS-CAR film, i.e., smooth and homogeneous 
surface. This result also indicated the good phase compatibility among 
AS, CAR, and MA molecules.  
 
3.4   Mechanical properties 

 
Table 3 represents mechanical properties, i.e., maximum stress, 

elastic modulus, and maximum strain of various AS films. It was 
detected that both maximum stress and elastic modulus clearly increased 
but the maximum strain decreased when CAR was incorporated into 
AS matrix (AS-CAR). Even though the addition of CAR into AS 
caused the reduction of starch crystallinity, as shown in Figure 3(a) 
and Table 3, the formation of hydrogen bonding interactions between 
hydroxyl groups of CAR and AS brought about strong intermolecular 
forces. Moreover, the electrostatic interactions within CAR molecules 
(Figure 1), caused by the counterion between potassium ions and 

sulfate groups, decreased the chain mobility of the polymer matrix, 
leading to the increased film stiffness.  

Furthermore, maximum stress and elastic modulus also increased 
when CAR contents increased. This result was caused by both 
hydrogen bonds between AS and CAR molecules (as confirmed by 
FTIR) and electrostatic interactions within CAR molecules, resulting 
in the increase of stress transfer and stiffness of the films. Although 
the crystallinity of AS-CAR films decreased as CAR contents rose, 
the addition of CAR could improve phase compatibility between 
AS and CAR, resulting in smooth fractured surface of AS-CAR 
films, as shown in SEM micrograph (Figure 4). Similar reports 
were mentioned that not only the incorporation of CAR into starch-
carboxymethyl cellulose (CMC) but also the addition of ι-carrageenan 
into arrowroot starch led to the increment of tensile strength and 
elastic modulus and the reduction of strain at break [28,32]. Therefore, 
AS-30CAR film with the highest maximum stress and elastic modulus 
value was chosen to be modified by MA. 

Additionally, AS-30CAR-MA films, showed the reduction of 
maximum stress and elastic modulus, but the increment of elongation 
of maximum load (Table 3), compared with AS-30CAR film. Similar 
trends were detected for MA and salicylic acid added in soy protein 
films [22,35]. It was expected that hydroxyl or carbonyl groups of 
MA could form hydrogen bonding with hydroxyl group of the matrix 
molecule (Figure 2(b) and Table 2). Simultaneously, MA could also 
cause the hydrolysis reaction within the polymer matrix. Moreover, 
MA molecules disrupted the crystallization of AS chains and diminished 
hydrogen bonds and electrostatic interactions between AS-CAR and 
CAR-CAR (Figure 3 and Table 3). This reason caused the drop of 
maximum stress and elastic modulus. Furthermore, the increment 
of MA amount would result in the decrease of hydrogen bonding 
between intermolecular chains between AS and CAR, causing the 
drop of stress transfer among the polymer chains. 
 
3.5  Moisture uptake, WVTR and degree of swelling 

 
High water absorbency is one of the desirable properties of 

a wound dressing film. Table 4 presents the values of moisture uptake, 
WVTR, and degree of swelling for AS and different modified AS films. 
It can be seen that the addition of CAR into AS film significantly 
increased moisture uptake, WVTR, and degree of swelling. This 
influence could be due to the hydrophilic characteristics of CAR 
composed of sulfate groups and the decrease of crystallinity in AS-
CAR film (Table 3) when compared to AS film, which enhanced 
the water-absorbed capacity of AS-CAR film. Moreover, the increased 
CAR content reduced intermolecular interactions within AS chains, 
resulting in an expanded polymer network structure. Similar 
observations were reported for both arrowroot starch blended with 
ι-carrageenan and cassava starch/PVA blended with CAR led to the 
increment of  degree of swelling [18,32]. As a result, AS-30CAR film 
with the highest moisture uptake, WVTR, and degree of swelling 
values was selected to be incorporated with MA. 

For AS-30CAR-MA films, according to Table 4, the moisture 
uptake, WVTR, and degree of swelling of the films decreased 
significantly. This was likely due to hydrophobic aryl groups of MA, 
which were water-repellent and caused the reduction of water absorption 
of AS modified film. Similar observation was reported for soy 
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protein and MA blend, and it was found that the water uptake of 
films reduced, resulting from aromatic groups [22]. Since hydrogen 
bonding between the polymer matrix (AS and CAR) and MA 
including electrostatic bond in its CAR structure were inhibited by 
the addition of MA, therefore, more void could be created. Consequently, 
AS-30CAR-10MA films clearly exhibited the decreased affinity for 
water. With the increasing amount of MA in AS-30CAR-MA films, 
it was found that the moisture uptake, WVTR, and degree of swelling 
of the film tended to increase slightly. This was expected because 
of the excessive MA disrupted the structure of matrix network. As 
the amount of MA increased, it hindered the occurrence of intermolecular 
interactions between the matrix chains, resulting in the increased 
distance between the chains. Consequently, water could easily penetrate 
the chains led to the increase of the moisture uptake, WVTR, and 
degree of swelling of different AS-30CAR-MA films. Similar values 
for moisture uptake and degree of swelling were reported for silk/ 
sodium alginate film, bacterial cellulose/chitosan/mangosteen extract 
film and sodium alginate/silver chloride film [36-38]. 

 
3.6   Antibacterial activity 

 
The result of the antibacterial property of various AS samples 

incorporated with 30CAR and various MA contents MA (10, 15, 
and 20% wt) is shown in Figure 5 and Table 5. As expected, AS and 
AS-30CAR films, without MA, presented no antibacterial activity. 
However, AS-30CAR-15MA and AS-30CAR-20MA films showed 
effective antibacterial activity against S.aureus (Gram-positive) 
bacteria after being incorporated with MA. It should be noted that, 
only AS-30CAR-20MA film showed effective antibacterial activity 
against both grams of bacteria (S.aureus and E.coli). The result 
indicated that the increasing loadings of MA caused the improved 
antibacterial activity.  

It was reported that MA presented the successful antibacterial 
activity against both S.aureus and E.coli bacteria. MA could interact 
with the protein and enzymes of bacteria by damaging the plasma 
membrane and resulting in intracellular substance leakage. At the 
same time, MA caused the change of the trans-membrane pH gradient 
between the organelle membranes and plasma membrane and disturb 
membrane function, causing deformation in structure and functionality 
[39,40].  

Furthermore, MA presented effective antibacterial property against 
Gram-positive bacteria than Gram-negative bacteria. This was because 
Gram-negative bacteria were less susceptible to antibacterial agents 
than Gram-positive bacteria. Gram-negative bacteria are composed 
of complex double-layered cell wall with polysaccharides that inhibit 
the penetration of antibacterial agents. In contrast, Gram-positive 
bacteria have a single thick cell wall layer that is peptidoglycan, which 
is less complicated. These results made the antibacterial agents 
efficiently diffused through the cells, causing cell destruction and 
cell death [41]. 
 
3.7   In vitro cytotoxicity 

 
MTT assay was performed to compare the cytotoxicity and cell 

viability of various AS films using HaCat cells. As shown in Figure 6 
and Table 5. Comparison between AS and AS-30CAR films, the 
former exhibited lower cytotoxicity value and higher cell viability 
value, resulting from the toxicity of VA that was used to synthesize 
AS. Similarly, the MA addition to AS-30CAR specimens brought 
about the slight increase of cytotoxicity and the slight decrease of 
cell viability. However, the cell viability of all AS films still remained 
above 80%, indicating the non-toxic response to human cells, as 
indicated by ISO 10993-5 standard [42]. 

 
 

Table 4  Moisture uptake, WVTR and Degree of swelling of AS films with different contents of  CAR and MA. 
 
Samples  Moisture uptake (%)  WVTR (gm-2day-1)  Degree of swelling (%) 
  Day 4 Day 7    1 h 6 h 
AS  31.91 ± 5.26a 44.19 ± 6.99a  326.31 ± 3.31a  276.94 ± 2.13a 495.36 ± 8.46a 
AS-10CAR  34.95 ± 4.84ab 47.74 ± 2.71ab  353.89 ± 5.50a  265.11 ± 3.06a 558.96 ± 5.08ab 
AS-30CAR  51.69 ± 1.93c 64.65 ± 0.98c  412.49 ± 8.52ab  269.41 ± 6.43a 641.28 ± 6.76b 
AS-30CAR-10MA  44.31 ± 2.00bc 56.82 ± 3.07bc  254.89 ± 7.12b  173.68 ± 9.24b 287.41 ± 3.00c 
AS-30CAR-15MA  44.89 ± 1.55c 58.48 ± 2.25c  274.89 ± 7.14b  179.77 ± 5.65b 307.81 ± 1.06c 
AS-30CAR-20MA  48.52 ± 3.26c 61.68 ± 3.50c  314.00 ± 3.50a  181.33 ± 7.45b 313.45 ± 4.29c 
Control (without film)     583.07 ± 3.08    
Based on Tukey’s test, different superscripts in the same column are significantly different (p < 0.05). 

Table 5  Inhibited zone, cytotoxicity and cell viability of different AS films. 
 
Samples  Inhibited zone (mm)  Cytotoxicity Cell viability 
  S.aureus E.coli  (%) (%) 
AS  Inactive Inactive  12.65 87.35 
AS-30CAR  Inactive Inactive  3.33 96.67 
AS-30CAR-10MA  Inactive Inactive  14.51 85.49 
AS-30CAR-15MA  15.74 Inactive  17.63 82.37 
AS-30CAR-20MA  24.06 18.22  19.86 80.14 
Control     5.52 94.45 
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Figure 5  Inhibited zones different AS films against S.aureus and E.coli. 
 

 
Figure 6  Optical micrographs of HaCat cells incubated after 24 h of different AS films. 
 

4.  Conclusion 
 
The natural wound dressing films was successfully prepared by 

AS modified by CAR, and MA. The incorporation of CAR in AS 
caused FTIR peak position at 3500 cm‒1 to 3300 cm‒1, assigned for 
O‒H stretching, shifted to lower wavenumbers because of new 
hydrogen bond formation between AS and CAR. SEM images showed 
smoother and more homogeneous cross-sectional surface as compared 
to AS film. Eventhough, the crystallinity, determined for the starch 
crystallinity, of the blended film was decreased, but the significant rise 
of maximum stress, elastic modulus, moisture uptake, WVTR, and 
degree of swelling were observed because of hydrogen bonding and 
electrostatic interaction between AS and CAR. However, the increased 
content of MA caused the reversed effect, i.e. moisture uptake, WVTR, 
degree of swelling were increased, but maximum stress and elastic 
modulus were decreased. When MA was added into AS-30CAR film, 
it caused the improvement of antibacterial properties against S. aureus 
in AS-30CAR-15MA and AS-30CAR-20MA films. Moreover, AS-
30CAR-20MA film presented the most effective antibacterial property 

against both S. aureus and E. coli. In addtion, all AS modified films 
showed no cytotoxicity to HaCat cells. In this study, AS-30CAR-
20MA film was suitable for wound dressing application since it 
showed the improvement of elastic modulus, moisture uptake and 
antibacterial activity compared to AS film. 
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