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Abstract 

Starch-chitosan blend films with added antioxidants derived from plant extract are 

promising materials for active food packaging. This study aimed to synthesize active food 

packaging films based on chitosan/sugar palm starch with the addition of Moringa 

oleifera. To achieve the desired goals, sugar palm starch (SPS)-chitosan (CH) films 

containing Moringa oleifera (MO) were developed, and the structure, physicochemical, 

barrier, antioxidant activity, and biodegradability performance of the films were 

characterized. X-ray Diffraction (XRD) analysis showed that no new scattering peaks 

appeared, indicating that the addition of MO did not alter the microstructure of the CH/

SPS. All films exhibited ductile materials, where the addition of 1% MO increased tensile 

strength (TS) from 12.18 to 18.55 MPa while incorporating 3% MO increased elongation 

at break (EB) from 10.72 to 29.87%. The addition of MO increased the antioxidant 

activity from 17.47 to 48.65%. Atomic Force Microscopy (AFM) results indicated that the 

addition of 3% and 5% w/w MO produced a smoother film. It was concluded that CH/SPS

-MO blend films exhibited excellent biodegradability, hence possess the potential for the 

intended application as an active film and can replace the use of pure CH/SPS film  

1. Introduction 

Research on the development of edible 

biodegradable food packaging films from natural 

polymeric materials has been increasing rapidly due to 

environmental pollution caused by plastic packaging 

made from non-biodegradable petrochemical raw 

materials (Arcana et al., 2010). Biodegradable polymers 

are polymeric materials that may be degraded by 

enzymes and are typically made from a combination of 

cellulose, gelatin, starch, agar, gum, pectin and others 

(Chinaglia et al., 2018; Nagar et al., 2020). Several 

recent publications on biopolymers show the possible 

preparation of films through a combination of these 

compounds, ranging from fish gelatin crosslinked with 

alginate dialdehyde (Park et al., 2021), gelatin-based 

functional films integrated with grapefruit seed extract 

and TiO2 (Riahi et al., 2021), quercetin-based chitosan-

gelatin (Yadav et al., 2020), and gelatin-based films 

integrated with tara gum (Nuvoli et al., 2020). 

Among a variety of biodegradable polymeric 

materials, starch and chitosan are very promising raw 

materials for the production of biodegradable films, 

particularly for sustainable film packaging. Starch-based 

films offer advantages such as being inexpensive, non-

toxic and simple to fabricate films (Ilyas et al., 2019). 

Because starch has low mechanical properties, is 

hydrophilic, and is brittle, its application has been 

restricted (Jiang et al., 2020). Meanwhile, chitosan, a 

biodegradable polymer with excellent mechanical 

properties, and the ability to form good films, is 

antimicrobial, and is abundant in nature and is a product 

of chitin deacetylation. The disadvantage is that chitosan 

has poor thermal characteristics and is rigid (Moeini et 

al., 2020). Several recent studies on starch and chitosan-

based biodegradable films have been published. The 

mechanical properties of blend films have been obtained 

from mixing chitosan with corn starch and yellow 

pumpkin starch (Hasan et al, 2018: Frick Pavoni et al., 

2019). The active film of corn starch coated with a 

chitosan oligomer serves as an antimicrobial agent 

(Castillo et al., 2017). The thermal properties of chitosan

-based films can be improved by blending them with 

brown rice starch (Hasan, Gopakumar, Olaiya et al., 

2020). 

Considering that food spoilage is mainly influenced 
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by oxidation and microbial degradation, food film 

packaging must be not only elastic and strong but also 

have suitable antimicrobial and antioxidant properties 

(Mozafari et al., 2006). As a result, naturally active 

substances such as essential oils could be used to create 

active films for food packaging based on starch-chitosan 

composites. Ma et al. (2022) have synthesized flexible 

antimicrobial films with chitosan nanoparticles and 

potato peel polyphenols. Istiqomah et al. (2022) also 

reported that the physical, mechanical, and antibacterial 

properties of chitosan films modified with Discorea 

alata starch have been improved. The antibacterial 

activity of starch film combined with chitosan 

nanocapsules loaded with cinnamon oil against 

Escherichia coli or Bacillus was exhibited, and the 

freshness of strawberries could be prolonged (Ferreira et 

al., 2020). The presence of polyphenolic compounds 

promotes the antioxidant activities of the film through 

the chelation mechanism, preventing lipoxygenase 

enzyme activity and scavenging free radicals (Talón et 

al., 2017). Several papers have been published on the use 

of natural active compounds to improve the antibacterial 

and antioxidant characteristics of starch-chitosan 

composite films, including lemongrass, garlic and aloe 

vera (Istiqomah et al., 2022), cinnamon and clove 

essential oil (Choo et al., 2021), rosemary and ginger 

(Lauriano Souza et al., 2019), and extra virgin olive oil 

(Hasan, Rusman, Khaldun et al., 2020). 

Another naturally active compound that has the 

potential to be used as an antioxidant is Moringa oleifera 

L. It shows strong antioxidant activity due to its high 

content of flavonoids and phenolic compounds, 

especially in its leaves (Brilhante et al., 2017). Moringa 

oleifera (MO), a tropical plant from the Moringacea 

family, mainly grows in Asia and Africa (Abubakar and 

Benjamin, 2019). Because of its bioactive compounds, 

such as phenolic acids, flavonoids, isothiocyanates, 

tannins, and saponins, which are present in significant 

amounts, MO has properties in the health sector for the 

treatment of high cholesterol, high blood pressure, 

diabetes, insulin resistance, non-alcoholic liver disease, 

cancer and infection in general (Vergara-Jimenez et al., 

2017). Although the antioxidant activity of MO extract is 

very high, there are still very few publications on the 

incorporation of MO into biopolymer matrix-based food 

packaging. Rodríguez et al. (2020) developed an 

antioxidant edible film made from papaya, which 

incorporated M. oleifera and ascorbic acid. Ryandari and 

Multazam (2023) reported that the addition of MO leaf 

extract enhances the antioxidant activity of chitosan-

alginate film, showcasing increased radical scavenging 

activity with higher extract concentrations. A Khorasan 

wheat starch film containing moringa leaf extract has 

good antioxidant activity and a good ultraviolet light-

blocking ability (Ju et al., 2019). However, no studies 

have been published regarding the incorporation of MO 

into starch and chitosan-based film biopolymers. This 

paper reports an in-depth study on the addition of MO 

leaf extract and its effect on the structure, thermal and 

mechanical properties, physico-chemical properties, and 

antioxidant activities of CH/SPS-MO composite films. 

To the best of our knowledge, this is the most recent 

publication on active films prepared from sugar palm 

starch-chitosan with the addition of MO extract. 

Structure, barrier characteristics, thermal properties, 

tensile strength, antioxidant activities, and 

biodegradability were already characterized in the active 

films that were produced. The findings of this study 

provide a new formulation for manufacturing active 

films from sugar palm starch-chitosan that can be used as 

a substitute for commercial packaging films made from 

petrochemical raw materials. 

 

2. Materials and methods 

2.1 Materials 

 SPS powder (37% amylose, 63% amylopectin) was 

purchased from Sago Aren Co., Ltd., Indonesia (Sea 

Horse brand). Moringa oleifera Lam. leaf was purchased 

from a local market (Banda Aceh, Indonesia), chitosan 

powder (particle size 200-300 mesh; molecular weight 

102 KDa; 96.24% degree of deacetylation) was 

purchased from Chimultiguna Co., Ltd. (Indramayu, 

Indonesia), glacial acetic acid, 2,2-diphenyl-1-

picrylhydrazyl, and glycerol were purchased from Sigma 

Aldrich (Darmstadt, Germany). 

2.2 Preparation of Moringa oleifera Lam. leaf extract 

Moringa leaf extract powder was prepared using the 

maceration method developed by Lee et al. (2016) with a 

slight modification. Approximately 50 g of Moringa leaf 

powder was soaked for 48 hrs in 100 mL of 70% ethanol 

solvent while being continuously stirred. Then, the 

solvent in the filtrate was removed using a rotary 

vacuum evaporator and subsequently dried. 

2.3 Preparation of films 

Film-forming solutions (3% w/v) with different MO 

contents (1%, 3% and 5%) of total weight were prepared 

to produce four different blends for the films, following 

the previous procedure (Hasan, Gopakumar, Olaiya et al. 

2020). SPS and CH solutions were prepared according to 

the procedures of Ilyas et al. (2019) and Jumaidin et al. 

(2016). These SPS and CH solutions, MO (0, 1, 3 and 

5% w/w), and glycerol (30% w/w) were mixed while 

being stirred and kept at a temperature of 90°C. After 3 

hrs, all solutions were cooled to room temperature and 

poured into acrylic casting plates (10 cm × 10 cm). 
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Before further analysis, the films were stored at 25°C 

and 55±2% relative humidity (RH) for 36 hrs. 

2.3 Fourier transform infrared spectroscopy 

 To determine the effects of the addition of MO on 

the vibration pattern of the functional groups in CH/SPS-

MOs were determined by using Fourier transform 

infrared spectroscopy (FTIR) (Shimadzu IR Tracer-100 

FTIR Spectrometer, Japan). Spectra with a resolution of 

4 cm-1 were recorded in the wavenumbers ranging from 

600 to 4000 cm-1 (Hasan, Chong, Jafarzadeh et al., 

2019). The impact of MO on vibration patterns of 

functional groups in CH/SPS-MOs was examined 

through FTIR analysis using a Shimadzu IR Tracer-100 

FTIR Spectrometer from Japan.  

2.4 Thickness and water uptake 

The film thickness was measured at three random 

locations using a digital micrometer (Mitutoyo IP 65, 

Japan. Water uptake from the sample films was 

determined gravimetrically using the method developed 

by Siti Waqina et al. (2016). The percentage of water 

uptake from the film sample was calculated using 

Equation (1). 

where Wi and Wf  are the initial and final weights, 

respectively. Theoretically, the adsorption process can be 

explained using Fick's second law of diffusion  

(Equation 2) (Pelissari et al., 2017). The initial kinetics 

of sorption can be stated as follows:  

where Mt is the mass of water (g) absorbed over time 

t, M∞ is the mass of water (g) absorbed at 

thermodynamic equilibrium, and L is the film thickness. 

The diffusion coefficient, D, can be determined as the 

slope of a line fitted to the straight-line portion of R2 

over 99%, where the line is plotted using Mt/M∞ versus 

√t. 

2.5 Water vapor permeability  

The water vapor permeability (WVP) values of the 

films were determined according to the procedure 

reported by Khalil et al. (2019) with slight modifications. 

The film was cut into a circular form and then positioned 

to cover the test cup, which had been filled with distilled 

water. The test cup was placed in a desiccator containing 

silica gel as a desiccant at 50±5% RH and 25±2°C. For 6 

hrs, the test cup was weighed every hour. The difference 

in test cup weight was then plotted, the slope of the curve 

was calculated with a regression coefficient >0.99, and 

the WVP value was determined using Equation (3). 

where W is the change in test weight of cup (g), t is 

time (h) and A is the area of the film surface (m2), L is 

the thickness of the film and ΔP is a pressure difference 

between the desiccators and the test cup (ΔP = 3169 Pa) 

(Karimi Sani et al., 2019). 

2.6 X-ray diffraction  

X-ray diffraction (XRD) data were obtained from 

measurements performed by the Shimadzu XRD-7000 

Maxima-X. (Japan). The measurement procedures were 

derived from the method described by Hasan, 

Gopakumar, Olaiya et al. (2020). 

2.7 Atomic force microscopy  

The morphology and surface roughness of the films 

were examined through topographic analysis using multi

-mode atomic force microscopy (AFM) with a type E 

piezoelectric scanner (Veeco Instruments, USA). Three-

dimensional images of the film surface (20 µm × 20 µm) 

and surface roughness parameters of Ra and Rq were 

determined. Films with dimensions of 1.5 cm × 1.5 cm 

were used for the analysis with a force constant of 42 N 

m−1 and a resonant frequency of 320 kHz. The raw image 

was processed using image analysis and multi-mode 

presentation software. 

2.8 Mechanical properties 

The tensile strength and elongation of the films were 

tested using an ASTM D638 Plastics Tension 1144 

instrument (MTS EM) from the USA. Samples with a 

size of 4.0 cm × 1.0 cm were prepared and tested using a 

load of 5 kN and a speed of 0.030 m/min (Hasan, Chong, 

Jafarzadeh et al., 2019). Before testing, the specimens 

were stored at room temperature for 24 hrs with a 

relative humidity of 52%. 

2.9 Thermal properties 

The thermal behavior of the films was analyzed 

using a DTG-60 thermogravimetric analyzer (Shimadzu, 

Japan). Before the analysis, the films were stored at 25°C 

with a relative humidity of 52%. Small film pieces 

weighing 5.0 mg were tested by heating them from 30°C 

to 600°C at a heating rate of 15°C/min under an N2 

atmosphere with a feed rate of 20 mL/min (Suriyatem et 

al., 2018). 

2.10 Antioxidant activity test   

The antioxidant activity of the films was measured 

by assessing their ability to capture 2,2-diphenyl-1-

picrylhydrazyl (DPPH) radicals, following the method 

described by Caetano et al. (2017). In this method, 1.97 

 (1) 

 (2) 

 (3) 
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 mg of DPPH was dissolved in 50 mL of ethanol to obtain 

0.1 mM DPPH solution, which was stored in a dark 

bottle. Next, 50 mg of each film sample was dissolved in 

10 mL of 96% ethanol and stirred with a magnetic stirrer 

for 1 min. The solution was left for 2 hrs, then 

centrifuged for 10 mins. Subsequently, 1.0 mL of each 

film solution was mixed with 4.0 mL of 0.1 mM DPPH, 

and the mixture was incubated for approximately 30 min 

in the dark. The absorbance was measured at a 

wavelength of 517 nm using a UV-Vis 

spectrophotometer, and the percentage of DPPH radical 

scavenger activity was determined using (Equation 4). 

Where AbsDPPH is the absorbance of the DPPH 

solution, and AbsFilm is the absorbance of the film 

sample. 

2.11 Biodegradation test 

A biodegradation test was conducted based on the 

method described by Zain et al. (2018) with slight 

modifications. Films were prepared with dimensions of 

2.5 × 2.5 cm, and their initial weight was recorded. A 

plastic container was filled with compost media with a 

20 cm thickness, and the film was embedded in the 

media up to a depth of 10 cm. The films were then 

removed from the media after 5, 10, 15, 20 and 25 days, 

immersed in 70% ethanol, and dried in an oven at 50°C 

for 24 hrs. 

2.12 Statistical analysis 

The study used SPSS software to analyze the data, 

which was assessed for each sample at least three times 

and presented as the mean ± standard deviation (SD). 

ANOVA with a significance level of p<0.05 was used to 

evaluate the data, and Duncan's multiple ranges at 

p<0.05 were used to determine significant differences 

between groups. 

 

3. Results and discussion 

3.1 Fourier transform infrared spectroscopy analysis 

FTIR spectra were used to analyze patterns of 

molecular interactions through functional groups of 

sugar palm starch-chitosan and MO blend films. Figure 1 

presents the FTIR spectra of the biocomposite films from 

CH, SPS, and CHSPS-MOs. Based on the spectra, it 

seems that MO, CH, SPS, and the CH/SPS-MO blended 

film showed absorption peaks in the region of almost the 

same wavenumber. Peaks at 3700–3000 cm-1 are 

assigned to the stretching vibration of the free hydroxyl 

group (O-H) in MO, CH, SPS, and the CH/SPS (Ju et al., 

2019; Hasan et al., 2022). Meanwhile, the peak at 2924 

cm-1 is attributed to the stretching vibration of C-H 

(Rodríguez et al., 2020). The absorption peak pattern of 

the CH/SPS matrix was not significantly altered by the 

addition of MO. Only the amplitude of absorption peaks 

of certain functional groups was observed to have 

changed. All samples displayed characteristic peaks at 

wavenumbers 1021, 1405, 1551, and 1642 cm-1, which 

correspond to the stretching vibrations of C-O-C, C-N, N

-H bending, and C=O, respectively (Lee et al., 2016). 

The addition of MO increased the amplitude of the O-H 

stretching vibration peak within the 3000-3300 cm-1 

region, indicating enrichment of the O-H group from the 

MO compound. This increase in the film's absorption 

capacity was consistent with previous findings in edible 

films incorporating Moringa oleifera (Rodríguez et al., 

2020). Hydrogen bonding between the starch-chitosan 

matrix and compounds within the MO extract caused a 

shift in the wavelength of several functional groups. 

Yadav et al. (2020) reported similar results. 

3.2 Thickness and water uptake 

Thickness and water uptake data from CH, SPS, and 

CH/SPS-MOs films are presented in Table 1. The 

thickness of the film was significantly (p<0.05) 

influenced by the addition of 3% and 5% w/w MO 

extracts. The highest thickness value of the film was 

associated with the addition of 3% w/w MO extract, 

while the lowest value was attributed to the film without 

the addition of MO extract. This was most presumably 

associated with the presence of more hydroxyl groups 

from MO, which increased the interfacial space between 

 (4) 

Figure 1. FTIR spectra of MO, CH, SPS, and CHSPS-MOs 

film samples. 
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molecular chains (Frick Pavoni et al., 2019). In a 

previous study, the existence of hydrophilic and 

hydrophobic groups in the polymer matrix was reported 

to contribute to the existence of sponge-like structures 

(Hasan, Rusman, Khaldun et al., 2020). Water 

absorption is an essential aspect to consider when 

selecting a packing film. Figure 2 depicts the water 

uptake capacity trend of CH, SPS, and all CH/SPS 

composite films with varying MO concentrations. All 

films showed very fast absorption of water, where within 

20 s all film samples have reached optimum absorption. 

This is probably influenced by the presence of free 

hydroxyl groups in the film matrix, which form 

hydrogen bonds with water (Surya et al., 2020). The 

water absorption ability of a film is associated with 

differences in the chemical potentials of water molecules 

bound in a composite film matrix (Sousa et al., 2019). 

The CH/SPS-MO 0% film has a lower water absorption 

capacity than other films, at 17.15% absorption. The 

addition of MO extract increased the adsorption capacity 

significantly (p<0.05) from the film. This is probably 

due to the enrichment of the hydroxyl groups in the film 

matrix due to the addition of the MO extract. This result 

corroborates the results of the FTIR analysis. However, 

the films obtained through this study have relatively 

lower adsorption capacities for water. This is due to 

strong intermolecular interactions between starch, 

chitosan, and MO extracts, which prevent water 

molecules from permeating the film. Table 1 indicates a 

significant difference (p<0.05) in the diffusion 

coefficient (D) between samples without MO extract and 

those with varying concentrations of MO extract added. 

The addition of MO extract to the CH/SPS matrix 

resulted in a significant increase in the D value. The 

presence of hydrophilic groups within the polymer 

matrix promotes the formation of a sponge-like structure, 

creating free volume in the molecular microstructure, 

which facilitates water molecule penetration into the film 

(Bilbao-Sainz et al., 2011). These findings are consistent 

with those reported by Fonseca-García et al. (2021). 

3.3 Water vapor permeability  

The WVP values of the films were presented in 

Table 1. The results showed that the films with MO 

extract had higher WVP values than the SPS/CH film 

without MO extract. This was due to the increase in the 

number of hydroxyl groups in the film matrix that 

interacted with water molecules as a result of 

incorporating MO extract. In contrast, the SPS/CH film 

without MO extract had a lower WVP value because of 

the hydrogen bonds created between the NH2 group in 

chitosan and the OH group of starch, which reduced the 

interaction with water molecules (Luchese et al., 2018). 

The study's findings were consistent with a previous 

study that demonstrated how the addition of 2% and 5% 

w/w EVOO increased the WVP value of the CH/SPS-

EVOO film (Hasan, Rusman, Khaldun et al., 2020). 

However, the WVP value in this study was lower than 

the WVP values reported by Ribeiro Sanches et al. 

(2021) for blended films of starch, red cabbage, and 

sweet whey, which ranged from 1.2×10-7 to 5.4×10-7 g.m
-1h-1Pa-1. 

3.4 X-ray diffraction  

The X-ray diffraction (XRD) pattern shown in 

Figure 3 illustrates the CH, SPS, and CH/SPS films 

containing MO extract. The scattering peak of the SPS 

film is observed at 2Θ of 15°, 16.5°, and 23°, which 

correspond to A-type crystals from starch. On the other 

hand, the CH film exhibits a diffraction peak at 2Θ 

  Thickness (mm) M∞ (%) D (10-4mm2s-1) WVP (10-10g.Pa-1s-1m-1) 

CH 0.22±0.01c 42.24±3.25b 1.64±1.12a  1.52±0.08bc 

SPS 0.14±0.00a 61.05±2.53c 2.75±0.44ab  1.74±1.02c 

CH/SPS-MO 0% 0.13±0.01a 17.15±7.13a 1.57±0.28a  0.70±1.59a 

CH/SPS-MO 1% 0.14±0.01a 53.17±8.47b  2.62±0.44ab  1.29±0.18b 

CH/SPS-MO 3% 0.21±0.01c 49.37±4.19b 3.84±1.35b  2.19±0.09d 

CH/SPS-MO 5% 0.17±0.00b 64.07±0.89c 3.79±0.26b  1.91±0.04c 

Table 1. Film thickness, kinetic parameter (M∞, diffusion coefficient, D), and WVP of CH/SPS and all CH/SPS-MO blend films. 

Values are presented as mean±SD. Values with different superscripts in the same column are statistically significantly different 

(p<0.05).  

Figure 2. Water uptake performance of CH, SPS, and all CH/

SPS-MOs film samples. 
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around 20° and 27°, indicating the most amorphous 

structure (Suriyatem et al., 2018). The broad peak 

observed in the XRD pattern indicates the presence of an 

amorphous region, while the sharp peak represents a 

crystalline region, revealing that the film samples have a 

semi-crystalline structure. The addition of MO extract to 

the blend of SPS and CH films leads to a decrease in the 

intensity of the crystalline structure of SPS. This is 

attributed to the occurrence of microstructural 

interactions during the formation of the biocomposite 

(Fang et al., 2019). The X-ray diffraction (XRD) 

analysis showed that there were no new scattering peaks 

present in the CH/SPS blend after the addition of MO 

extract. This suggests that the microstructure of the blend 

was not affected by the presence of MO. This finding is 

consistent with previous research conducted by Hasan, 

Gopakumar, Olaiya et al. (2020). The peaks observed at 

21.3° and 19.8° were attributed to the Vh structures in 

chitosan-coated phosphorylated starch films (Merino et 

al. 2018). 

3.5 Atomic force microscopy  

AFM was used to characterize the surface roughness 

of CH, SPS, and all CH/SPS-MOs films, both 

qualitatively and quantitatively. Figure 4 demonstrates 

AFM images along with surface roughness parameters, 

Ra and Rq, of CH, SPS, and CH/SPS-MOs films, and it 

is observed that all films exhibited a smooth surface, 

except for neat CH, SPS, and CH/SPS-MO 1% samples, 

which are slightly rough. No residual CH or SPS 

appeared in the blend films, demonstrating that the blend 

of SPS and CH was quite compatible (Dai et al., 2019). 

This shows that the addition of 3% and 5% w/w MO 

were homogeneously distributed to the film matrix. This 

observation was in agreement with the results reported 

by Ilyas et al. (2019). 

The CH film had higher Ra and Rq values than the 

other samples, which were 82 nm and 100 nm, 

respectively, while the lowest Ra and Rq values were 18 

nm and 22 nm, respectively, which was attributed to the 

film with no addition of MO. The smooth surface of the 

film was due to the formation of relatively stronger 

hydrogen bonds between CH, SPS, and MO upon film 

formation (Chollakup et al., 2020). However, the Ra 

value of the results of this study was lower than the 

results reported by Tessaro et al. (2021), where the 

gelatin-chitosan-based film containing pitanga leaf 

hydroethanolic extract films had Ra values within 74.7-

87.5 nm.  

3.6 Mechanical properties  

The deformation behavior of a film can best be 

evaluated via a stress-strain curve. Figure 5 displays 

stress-strain curves from the CH, SPS, and CH/SPS-MO 

0%, CH/SPS-MO 1%, CH/SPS-MO 3%, and CH/SPS-

MO 5% blend films. Meanwhile, Table 2 summarizes the 

TS and EB values of CH, SPS, and all samples of CH/

SPS-MOs films. It has been shown that all films 

constitute ductile materials, with the curve displaying 

two major sections, namely elastic and plastic 

deformation. 

Figure 3. XRD pattern of CH, SPS, and CH/SPS-MOs films. 

Figure 4. AFM images of: (A) CH; (B) SPS; (C) CH/SPS-MO 

0%; (D) CH/SPS-MO 1%; (E) CH/SPS-MO 3%; (F) CH/SPS-

MO 5%; (G) surface roughness curve of films. 
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The TS and EB values of neat chitosan (CH) and 

sugar palm starch (SPS) were lower than those of all CH/

SPS-MOs composite samples. The blending of chitosan 

with sugar palm starch and the incorporation of MO 

extract significantly (p<0.05) increased the TS and EB 

values of the CH/SPS film. The highest TS values were 

shown by CH/SPS-MO 1% with the value of 18.552 

MPa, while the lowest TS value was 8.738 MPa assigned 

to CH/SPS-MO 5%. Meanwhile, the highest EB value 

was associated with CH/SPS-MO 3% with a value of 

24.872% and the lowest one was 10.717% attributed to 

the CH/SPS-MO 0% sample. The increase in TS and EB 

values of the CH/SPS film was due to more molecular 

interactions between MO extracts and the film matrix. 

The distribution and density of intra- and intermolecular 

interactions between polymer molecular chains in the 

film matrix are responsible for mechanical properties 

(Kanatt, 2020). Similar results were reported by 

Rodríguez et al. (2020) that the edible film from papaya, 

which incorporated MO, has a higher TS value than the 

control film, and the value is in the range 0.1–1.1 MPa. 

The addition of 5% MO reduces the mechanical 

properties, which is due to a decrease in the cohesion 

force of the film, which was triggered by obstruction of 

intermolecular interactions of the polymer chain (Ju et 

al., 2019). Ju et al. (2019) reported a similar result, 

showing that the addition of MO extract decreased the 

TS value of Khorasan wheat starch. 

3.7 Thermogravimetric analysis  

Thermogravimetric analysis (TGA) is a thermal 

analysis technique that can be used to evaluate the 

thermal stability of a material, and we use it to assess 

composite films for sustainable food packaging. Figure 6 

displays TGA curves and their derivative (DTG) of CH, 

SPS, and all CH/SPS-MOs blend films. Table 3 shows 

the thermal characteristic parameters Tonset (initial 

decomposition temperature) and Tmax (maximum 

decomposition temperature). 

3.8 Antioxidant activity  

Antioxidant activity data of all samples are tabulated 

Figure 5. Stress-strain curve of CH, SPS, and CH/SPS-MOs 

composite films. 

Film Samples TS (MPa) EB (%) Antioxidant activity (%) 
CH 7.92±1.93a 7.74±3.53b 34.56±1.74a 
SPS 7.64±2.34a 3.77±3.59a 46.05± 1.30b 
CH/SPS-MO 0% 12.18±4.36b 10.72±5.52b 20.80±16.04a 

CH/SPS-MO 1% 18.55±6.13c 13.86±6.91b 35.86±20.11a 
CH/SPS-MO-3% 15.40±4.03b 29.87±1.38c 40.60±6.26b 
CH/SPS-MO 5% 8.74±3.75a 19.44±13.28b 48.65±3.69b 

Table 2. Mechanical properties and antioxidant activity of CH, SPS, and CH/SPS-MOs blend films. 

Values are presented as mean±SD. Values with different superscripts in the same column are statistically significantly different 

(p<0.05).  

Film samples 
Thermal degradation temperature (℃) Residue 

(%) Tonset 
a Tmax T20

c T50
c T70

c 

CH 216.60 491.80 238.10 396.20 549.60 19.59 

SPS 271.20 421.80 282.00 302.10 313.90 0.00 

CH/SPS-MO 0% 244.55 370.90 200.37 317.71 353.68 10.60 

CH/SPS-MO 1% 239.84 365.44 170.29 321.26 417.38 23.40 

CH/SPS-MO 3% 234.93 376.78 191.23 325.94 491.67 27.20 

CH/SPS-MO 5% 238.96 371.01 214.79 328.73 600.00 30.00 

Table 3. TGA profile of CH, SPS, and CH/SPS-MOs blend films. 

a Temperature which initial degradation 
b Temperature maximum of degradation  
c Degradation temperature with 20%, 50%, and 70% of weight loss 
d Residue at the temperature of 600℃. 
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in Table 2. The results showed that the antioxidant 

activity of CH/SPS films increased significantly (p<0.05) 

with the addition of different amounts of MO extract, up 

to 5.0% (w/w). The antioxidant activity of the films 

obtained in this study was in the range of 20.80-48.65%. 

The lowest antioxidant activity (20.80%) was associated 

with CH/SPS-MO0%, denoting films without the 

presence of MO extract, whereas the highest antioxidant 

activity (48.65%) was observed in films containing 5.0% 

(w/w) of MO. Similar results were reported by Zeng et 

al. (2021), where chitosan film that incorporated 

pomegranate peel had an antioxidant activity that ranged 

from 13.91-52.05%. The results may be influenced by 

the phenolic compounds in MO extract, which act as a 

free radical scavenger (Calabria et al., 2020).  

3.9 Biodegradation properties 

Soil burial of a material can be used as an indicator 

for the biodegradation process by moisture and 

microorganisms during the burial period. The 

biodegradation test results of CH, SPS, and all CH/SPS-

MOs films samples are shown in Figure 7. Figure 7(A) 

depicts the outer structure of each sample tested for 

biodegradability at varied burial times. After 5 days of 

burial, there was a change in color and physical harm to 

the sample, indicating that the film had been attacked by 

microbes. After 10 days, rapid degradation, marked by 

cracking into small pieces, was observed. The neat sugar 

palm starch film was biodegradable after 20 days of 

burial. This finding was strongly in accordance with 

previous results, where the biodegradation mechanism of 

the brown rice starch/chitosan film began to crack and 

crumble after 10 days of burial (Hasan, Gopakumar, 

Olaiya et al., 2020). 

 

4. Conclusion 

Adding MO at varying ratios to the CH/SPS blend 

has been shown to optimize mechanical properties such 

as TS and EB, thermal stability, and antioxidant activity. 

The XRD results revealed that the addition of MO to the 

CH/SPS blend did not affect the structure of the 

polymeric matrix. The developed CH/SPS-MO film has 

satisfactory thermal stability and barrier characteristics. 

Based on the findings of the research, CH/SPS-MO 

blend films have excellent biodegradability, the potential 

to be used as an active film, and can substitute for the 

use of pure CH/SPS. 
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