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Introduction

Biopolymers based films offer several advantages 
as compared to conventional plastics such as 

lower cost, enhanced durability, biodegradability, 
non-abrasiveness, favorable mechanical properties, 

environmental friendly, and prolonged usage time. 
On the contrary, commercial plastic packaging films 
are non-biodegradable so the use is limited (Zakaria 
et al., 2024). Such active biopolymer based films have 
been proved as a renowned way to improve packaging 
quality by providing protection from ultra violet rays, 
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microbial contamination or water. Many edible plant 
extracts are non-toxic and contain antioxidant and 
antimicrobial properties that’s why plant extracts are 
regarded as suitable additive for incorporation in food 
packaging films. Plant extracts contain secondary 
plant metabolites such as phenols and flavonoids that 
impart antimicrobial and antioxidant properties in a 
packaging film (Manzoor et al., 2023).

Pithecellobium dulce (PD), (commonly known as 
Jungle Jalebi or black bead tree), is an important 
medicinal plant, belonging to the family Fabaceae 
and is found in tropic areas like Asia, India and 
America. This plant has been reported to have anti-
diabetic, anti-hyperlipidemic, antioxidant, anti-ulcer, 
nephron-protective, anti-diarrheal, anti-bacterial and 
anti-fungal properties. Pithecellobium dulce contain 
various flavonoids, alkaloids, saponins, coumarine, 
tannins, anthocyanin and triterpenoids (Mondal et 
al., 2024; Murugesan et al., 2019). Moreover, Cassia 
alata (CA; commonly known as candle brush, Senna 
alata) is another plant found in Indonesia, South 
Asia, France, India. Several studies have reported 
that Cassia alata plant leaves have strong anti-
inflammatory, antioxidant and anti-fungal properties. 
Secondary metabolites such as alkaloids, saponins, 
steroids, flavonoids, and terpenoids have been found 
in Cassia alata (Colin et al., 2024). These important 
plants can be incorporated in biopolymer based 
films as additives due to above mentioned significant 
properties.

In smart bio-based packaging, plant extracts are 
added to biopolymer based composites to enhance 
physical and chemical strength of film and to add 
some biological properties. Potato starch is an 
applicable biopolymer, known for low gelatinization 
temperature, non-toxicity, good gel stability and 
low cost film preparation (Li et al., 2024). It is 
composed of amylose and amylopectin (joined by α-1, 
4-glycosidic bonds) and amylopectin contributes to 
its gelling property and freeze-thaw stability (Park et 
al., 2024). In a recent study potato starch-based films 
were prepared with reinforcing effect of banana fibers 
for grapes packaging (Dutta and Sit, 2024). Chitosan 
is another positively charged polysaccharide which 
is an attractive choice for making edible film due to 
its biodegradable, bio-compatible, antimicrobial and 
non-toxic nature (Sarfraz et al., 2024). Studies have 
reported that the antimicrobial and antioxidant activity 
of chitosan films can be improved by incorporation of 

plant extracts such as pomegranate peel extract (de 
Almeida Soares and de Aquino Santana, 2024). 

Therefore, our study aimed that incorporation of plant 
extracts i.e., Pithecellobium dulce (PD) and Cassia alata 
(CA) into starch and chitosan films may boost up the 
packaging properties of these biopolymers. Objectives 
of the current study include (1): Preparation of 
starch and chitosan films incorporated with PD and 
CA plant extracts (2). Characterization of films via 
FTIR (3). Evaluation of antioxidant activity, bio-
degradability and water soluble properties of films 
(4). Effect of films on bread packaging. 

Materials and Methods

P.D and C.A leaves were collected during September 
2023 from the Sindh University Employees Society 
Jamshoro, Sindh, Pakistan. The specimens were 
identified by Dr. Noorulain, Department of Plant 
Sciences, University of Sindh Jamshoro. 

Plant extract preparation
Leaves of both CA and PD plants were washed, dried 
and ground into powder. It was followed by maceration 
(i.e., soaking 5 g powder in 50 ml of methanol) and 
sonication. The extracts were filtered using Whatman 
#1 filter paper, concentrated in a rotary evaporator, 
dried and stored.

Starch was extracted from fresh potatoes whereas 
90% de-acetylated chitosan powder was purchased 
from Chemsavers.

Film preparation
Solvent casting method was used for preparation of 
films (Khanzada et al., 2023). Starch powder (3% 
w/v) and chitosan powder (2% w/v) was dissolved 
in 50 ml of distilled water and 100 ml of 1% acetic 
acid respectively, with constant stirring at 90 °C. It 
was followed by the addition of glycerol (20% and 
30% w/w, respectively), 1% PD and CA extracts and 
stirred at 70 °C for 30 min at 300 rpm. The solution 
was then poured in aluminum plates, placed in a 
preheated oven on 55°C and peeled off after 24 h  
drying and conditioning.

FTIR analysis
The starch and chitosan films were directly placed on 
FTIR spectrometer and FTIR spectra were recorded 
spanning the wavenumber range of 4000-670 cm-1. 
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DPPH assay
The antioxidants activity of prepared films was 
evaluated using the DPPH assay (Zhang et al., 2024). 
1mg DPPH powder was dissolved in 50 ml methanol, 
diluted to achieve an absorbance of approximately 0.9 
at 517 nm. Samples of weight 100 mg (0.1g) were cut 
and placed in a test tubes containing 5 ml of methanol 
solution. Test tubes were covered with aluminum foil 
and were left for 24 hours for extract absorption in 
methanol. After 24 hours, 2 ml of the DPPH diluent 
was added and the mixture was allowed to react 
for 1hr in a dark environment. The absorbance was 
measured at 517 nm. 

Acontrol refers to the absorbance value (approximately 
0.9) of the DPPH diluent solution, while Asample 
represents the absorbance value of the test film.

Water solubility
Solubility analysis of films was carried out using 
gravimetric method (Khanzada et al., 2023). 2x3 
cm-2 film pieces were weighed (m1). Then, samples 
were oven-dried at 90°C (5 h) to get a constant dry 
mass (m2). Consequently, soaking of film samples in 
distilled water (25°C for 24 h) was done and then 
samples were taken out after attaining a constant mass 
(m3). Later, samples were oven-dried for 5 h (90°C) to 
reach a constant weight (m4). Following calculations 
were employed.

Biodegradability
The biodegradation capability of the prepared 
films was determined using the soil from the field 
of Institute of Biochemistry, University of Sindh 
Jamshoro, Pakistan. Films of 2 × 2 inch were covered 
up by soil in a pot at 2-inch depth for 7 days. Water 
spray to this soil was provided regularly after 7 days, 
samples were taken out and weight loss of the films 
were calculated as follows.

Food quality assay
Biodegradable films, commercial film, and bread slices 
were utilized. Fresh bread was sliced in circles, pre-
weighed and wrapped in both type of films and one 
piece was left exposed to air as negative control. After 
7 days, the packages were opened, and the bread slices 
were re-weighed. The variance between the initial and 
final weights indicated the weight loss.

Results and Discussion

Synthesis of biopolymer films
As compared to chitosan, starch films were seen to 
have good physical and mechanical strength and 
were smooth and homogenous. The photographs of 
synthesized biopolymer films are given in Figure 1. 
Thickness of the films was more in case of starch (130 
µm) as compared to chitosan films (100 µm).

Figure 1: Starch and chitosan films incorporated with CA and PD 
extracts.

FTIR analysis
Prepared films were characterized using FTIR. The 
recorded spectra of the plant extract loaded films 
were compared to those of the control film (without 
extract), as shown in Figure 2.

The vibration peak of amide groups appeared at 1750 
cm-1 in control starch film and this was shifted to 
1500 cm-1 and 1650 cm-1 in the starch CA and starch 
PD films, respectively. Similarly, chitosan control film 
exhibited the absorption band corresponding to amide 
groups at 1600 cm-1 that was found to be shifted to 
1500 cm-1 and 1650 cm-1 in chitosan PD and chitosan 
CA films, respectively. Chitosan CA film exhibited 
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shifting of methyl group bending vibrations to 1300 
cm-1 where as Chitosan PD showed shift of CO group 
vibrations to 1020 cm-1 as compared to control. The 
vibrations of CO groups were also found to be shifted 
to 1000 cm-1 in both extracts loaded starch films.

Figure 2: FTIR spectra of (a) starch control and extract loaded films 
and (b)chitosan control and extract loaded films.

These changes may be attributed to the intermolecular 
rearrangement and modifications in the configuration of 
the primary chain. Furthermore, these peak alterations 
may be due to the combined influence of phenolic 
compounds present in the extract and the interactions 
between these compounds with the chitosan and 
starch chain structure (Gradinaru et al., 2023).

DPPH assay
Figure 3 shows the color change of DPPH and 
methanol solution with films immersion after 1 h, 
3 h and 5 h. The results show that the starch (PD) 
film sample exhibited the highest DPPH scavenging 
activity i.e. 31.7% that was followed by chitosan 
(CA) i.e. 16.7% (Table 1). The incorporation of 
PD leaves extract significantly enhanced the free 
radical scavenging activity of the starch film. This 
enhancement is likely due to the release of polyphenols 
and flavonoids from the leaves extract, which have 
known antioxidant properties (do Nascimento et al., 
2024; Nadira et al., 2022). 

Table 1: DPPH percent scavenging of synthesized film.
Films Scavenging (%)
Starch CA 10.7
Starch PD 31.7
Chitosan CA 16.7
Chitosan PD 2.9

Water solubility
Chitosan PD and Starch CA were found to have 
higher water solubility (50-55%). Film with higher 
solubility have the potential for developing active food 
packaging that can easily dissolve and release active 
agents (Taweechat et al., 2021). It was observed that 
chitosan PD film had the lowest moisture content 
and starch (PD) film have a highest swelling degree 
(%) among all films (Figure 4).

Figure 3: Change in color of film solution showing DPPH activity 
(A) after 1hr (B) after 3hr (C) after 5hr.

Figure 4: Water solubility, swelling and moisture analysis of film.

This could be attributed to strong molecular 
interactions or may be due to extract polyphenols 
having high hydrophilicity and they form hydrogen 
bonds with the hydroxyl group of starch, leading to 
an increase in the swelling degree (Zhai et al., 2024). 
Low moisture content of chitosan PD film suggests 
the formation of an inclusion complex between 
the chitosan matrix and the extract polyphenolic 
compounds through hydrogen bonding which may 
compete with the water molecules, limiting the 
matrix’s ability to bind with water (Homthawornchoo 
et al., 2022; Khanzada et al., 2023).

Biodegradability
Figure 5 shows the film appearance before and after 
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degradation. The biodegradability results of film 
samples are shown in Figure 6 indicating that the 
starch PD film samples have high biodegradability 
rate i.e., 44.4% after a week. This biodegradability 
character of films may be due to the presence of 
plant extracts which provide additional nutrients for 
the micro-organisms, accelerating the degradation 
process and ultimately increasing the rate at which the 
biodegradable films break down into environmentally 
friendly product.

Figure 5: Visual appearance of the films (A) before and (B) after 
incubation in soil.

Figure 6: Weight loss of films exposed to soil environment.

The specific effects of plant extracts on film 
biodegradation would depend on the composition 
of the extract and its interaction with the material 
(Wrońska et al., 2023). The specific effects of plant 
extracts on film biodegradation would depend on the 
composition of the extract and its interaction with the 
material.

Food quality
The bread pieces wrapped in biodegradable film 
showed acceptable texture, color and quality than 
those placed in open air. Figure 7 represent the results 
of changes in the appearance of bread pieces during 
one-week storage.

The bread pieces wrapped in biodegradable film 

showed acceptable texture, color and quality than 
those placed in open air. Starch and chitosan films 
loaded with PD extracts depicted least weight loss 
percentage as compared to other synthesized films 
(Table 2).

Figure 7: Change in appearance of bread pieces after being wrapped 
with edible films and commercial film for 7 days.

Table 2: Weight loss (%) in food quality assay.
Films Weight loss (%) of bread 

(after one week packaging)
Starch CA 34.8
Starch PD 15.4
Chitosan CA 34.8
Chitosan PD 28.9
Chitosan control 35.8
Commercial film 11.1

This decreased weight loss of bread samples by PD 
loaded films was comparable to commercial films. The 
results are consistent with other assay findings, where 
starch PD films displayed highest percent scavenging 
and highest weight loss percentage in soil burial assay 
potentially contributing to their packaging aspects 
(Venkatesan et al., 2023). 

Conclusions and Recommendations

Chitosan and starch based active films were 
synthesized successfully by incorporating PD 
and CA extracts. The prepared biopolymer based 
films (particularly starch PD films) exhibited good 
antioxidant activities, and biodegradability and were 
found to maintain quality of packaged bread samples. 
Therefore, such cost effective packaging films can 
be efficiently used for food packaging applications. 
However, future studies are needed to study their 
tensile, thermal and barrier properties for a better 
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understanding of their packaging attributes.
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