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Active packaging is crucial for extending shelf life, maintaining food quality, and reducing reliance on synthetic preservatives by
preventing spoilage, oxidation, and microbial contamination. In this study, boswellic acid (BA) and acetyl-11-keto-beta-boswellic
acid (AKBA) were isolated from the oleo-gum resin of Boswellia sacra and incorporated into the pectin and kappa-carrageenan-
based flms for active packaging. Te fabricated flms were analyzed to examine the efect of these active compounds on the
mechanical, optical, barrier, chemical, structural, hydrophobic, and antioxidant properties. Te incorporation of AKBA and BA
into the flms resulted in a decrease in transparency and tensile strength; however, the elongation at break did not show any
signifcant variations. Te flm samples exhibited improved antioxidant properties as confrmed by DPPH and ABTS free radical
scavenging activities. Te ΔE value represented the overall color diference in AKBA- and BA-loaded flms as compared with the
blank flm sample. Te FTIR spectrum of AKBA- and BA-loaded flms exhibited shifts and intensity changes, suggesting the
intermolecular interaction within the flm matrix. Moreover, the water contact angle measurements revealed that the flms
containing AKBA showed a noticeable increase in contact angles, refecting an enhancement in hydrophobicity.Te current study
ofers a valuable approach for developing active packaging flms with potential applications in food packaging.
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1. Introduction

Food packaging reduces the spoilage of food products and
extends their shelf-life by acting as a barrier against external
spoilage factors, such as microorganisms, moisture, oxygen,
and UV light.Te food packaging market has attracted more
attention due to the increase in consumer demand for ready-

to-eat and packaged food products because of urbanization
and lifestyle changes. However, conventional food packag-
ing materials (e.g., plastic, glass, and metal) have signifcant
environmental impacts due to their non or less bio-
degradable nature and are difcult to recycle due to their
complex composition. To deal with these harmful efects, it is
necessary to reduce the consumption of conventional food
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packaging materials, especially plastics, which increases the
need to replace them with environmentally friendly and
sustainable packaging materials [1–3].

Due to the flm forming, thickening, gelling, stabilizing,
and emulsifying properties of pectin and carrageenan, these
natural polymers have been used in diferent sectors of the
food, pharmaceutical, and cosmetic industries for years.
Pectin is a complex polysaccharide, mainly consisted of
homogalacturonan (HG), in addition to rhamnogalactur-
onan I and II (RG-I and -II), xylogalacturonan (XG), and
apiogalacturonan (AG) [4, 5]. Te degree of methyl-
esterifcation (DM) is also another important structural
factor of pectin, which determines their gelling and func-
tional properties [6]. Carrageenan is a natural, biodegrad-
able, biocompatible, water-soluble linear polysaccharide
which is extracted from the cell wall of red seaweed. It is
composed of alternating D-galactose and 3, 6-anhydro-
galactose units linked by α-1,3- and β-1,4-glycosidic bonds
[7]. Carrageenan is divided into three main categories: kappa
(κ), iota (ι), and lambda (λ), which contain about 25%–30%,
28%–30%, and 32%–39% of sulfate ester groups, re-
spectively. Tese structural diferences signifcantly afect
their functional attributes in food products, as kappa- and
iota-carrageenan are capable of forming thermo reversible
gels, while lambda-carrageenan can act as a thickener, not
a gelling agent [8, 9]. It was also reported that the thin flms
produced with κ-carrageenan have better moisture barrier
and mechanical properties compared to the ι-carrageenan-
containing flm samples [10].

Despite a wide range of techno-functional advantages,
pectin and κ-carrageenan have several drawbacks, which
restrict their further applications in the food packaging in-
dustry. For instance, pectin-based edible flms showed poor
physical properties with brittle structure and low tensile
strength [11]. Almost the same results were reported by
Martins et al. [12] for the biopolymeric flms made from pure
κ-carrageenan. Te combination of pectin and κ-carrageenan
has attracted much attention from diferent industries, as an
efective way to develop food or pharmaceutical products with
the desired physicochemical properties, such as dairy desserts
[13], low-fat beef frankfurters [9], rice extrudates [14],
hydrogels [5], and nanoparticles [15]. However, there is still
a lack of in-depth study on how these biopolymers interact
with each other to form composite flms with favorable
mechanical and barrier properties.

Boswellic acids (BAs) are natural mixture of pentacyclic
triterpene acids, obtained from the oleo-gum resin of various
Boswellia species, such as Boswellia carteri, Boswellia sacra,
and Boswellia serrata. Te six common types of BAs are α
and β-boswellic acids (α and β-BAs), acetylated α and
β-boswellic acids (α and β-ABAs), 11-keto-β-boswellic acid
(KBA), and acetyl-11-keto-β-boswellic acid (AKBA). It has
been proven that these organic acids have several bio-
activities such as anti-infammatory, antiseptic, anxiolytic,
and anticarcinogenic efects [16, 17]. BAs can also be used
for food preservation purposes due to their antibacterial,
antifungal, and antioxidant properties [18]. In addition,
Reshmy et al. [19] reported that BAs can easily interact with

biopolymer molecules, such as cellulose, throughH-bonding
due to the presence of -OH and -COOH functions in their
structure, which ultimately afects the structural, physical,
and mechanical properties of the resulting flms. Terefore,
it is necessary to evaluate the efects of BAs on both bi-
ological and techno-functional properties of biopolymeric
flms from diferent sources to obtain an active flm with the
desired features.

Terefore, the aim of the present study was to develop
a novel composite flm based on pectin and κ-carrageenan
incorporated with active ingredients including BA and
AKBA as a favorable alternative to traditional packaging. In
this respect, diferent aspects of composite flm, e.g., the
barrier, optical, mechanical, structural, and antioxidant
properties were evaluated.

2. Materials and Methods

2.1. Materials. Pectin (pure, M.W 25,000–50,000) and
carrageenan (Kappa, Refned ex.Eucheuma Cottonii) were
procured from Sisco Research Laboratories Pvt. Ltd. (SRL),
India. Glycerol (anhydrous, purity 99%) was purchased from
BDH Laboratory Supplies, UK. Te other chemicals used in
this study were obtained from Sigma-Aldrich (St. Louis,
MO, USA).

2.2. Extraction of BA and AKBA. Te oleo-gum resin of
Boswellia sacra was collected from various sites within the
Dhofar governorate in Oman. It was then verifed by the
herbarium at the Natural and Medicinal Sciences Center,
University of Nizwa, Sultanate of Oman.

To begin the extraction process for BA, 1.0 kg of resin
was placed in a 5.0 L round-bottom fask (RBF) and com-
bined with 3.0 L of pure toluene. Tis mixture was extracted
at room temperature for 3 h with continuous stirring. After
the extraction, the mixture was fltered, yielding 2.4 L of
fltrate.Te fltrate was then distilled under reduced pressure
at 50°C until the volume was reduced to 1.0 L. Tis con-
centrated toluene solution was subsequently extracted with
0.5N NaOH solution. Te resulting NaOH layer was acid-
ifed with 2N HCl until the pH reached 2–3 and then re-
extracted with toluene. Te toluene was evaporated under
vacuum at 50°C, resulting in a viscous oily substance
weighing 270 g, containing 50% BA. Tis BA (50%) was
dissolved in dilute NaOH and fltered to remove any un-
dissolved materials. Te mixture was then cooled to 0°C–5°C
and acidifed with dilute HCl to a pHof 2.0, with HCl added
dropwise and continuous stirring. Precipitation was ob-
served, allowed to settle, and the precipitates were fltered.
Finally, the precipitate was dried under vacuum to obtain
210 g of of-white solids, containing 70% BA.

For the extraction of AKBA, a 400 g sample of air-dried
and ground Boswellia sacra resin was extracted using 100%
methanol (MeOH) over a period of 2 days, following the
procedure described by Khan et al. [20]. Tis extraction
process yielded 285mg of AKBA, identifed as a UV-active
compound with a retention time of 42min, at a fow rate of
4mL per minute [20].
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2.3. Preparation of Active Films. To prepare the active flms
using the casting method, the following steps were followed
based on the compositional ratios detailed in Table 1.Te flm-
forming solutions consisted of pectin, κ-carrageenan, glycerol,
and either AKBA or BA in specifed amounts. Initially, 1.5%
(w/v) pectin and 1% (w/v) κ-carrageenan were dissolved in
distilled water separately, ensuring thorough mixing until
a homogenous solution was achieved. Concurrently, both
biopolymeric solutions were mixed and 1% (v/v) glycerol was
added as a plasticizer to the solution and stirred consistently to
ensure uniform distribution. For the preparation of blank flms
(PC), no active compounds were added. For PCA1 and PCA2
flms, 30 and 50mg of AKBA were added respectively. Simi-
larly, for PCT1 and PCT2 flms, 30 and 50mg of BA were
added, respectively.Tese components were mixed thoroughly
to ensure even distribution of the active compounds within the
flm-forming solution. Once fully blended, the resulting
mixtures were then casted into plastic petri plates and spread
evenly to form a thin flm. Te petri plates containing flm
forming solutions were left to dry at room temperature until
they formed a solid, uniform layer. Upon drying, the flms were
carefully peeled of from the plate surface and stored under
controlled conditions until further analysis.

2.4. Tickness and Mechanical Parameters. Te thickness of
the flm samples was determined using a digital micrometer
(Yu-Su 150, Yu-Su Tools), as described by Bhatia et al. [21].
Five random measurements were measured to obtain the
average thickness of each flm in millimeters. Te me-
chanical properties of the flms were obtained according to
the ASTM D882 standard method [22]. Films were cut into
60mm by 7mm dimensions and subjected between the grips
of the texture analyzer (TA. XT plus, Stable Micro Systems,
Godalming, England). Te tensile strength (TS) and elon-
gation at break (EAB) parameters were calculated using
Exponent Connect software platform.

2.5. Water Permeability and Moisture Content. Te water
vapor permeability (WVP) of the flms was evaluated by
conditioning the samples in a desiccator for 10 days, where
the humidity was maintained at 50%. Te humidity levels
were controlled by adding silica gel (0% humidity) and water
(100% humidity). Te WVP (g mm m−2 h −1 kPa−1) was
calculated using the following equation (1):

WVP �
(Δm)

(Δt × Δp × A)
× d. (1)

In equation (1), “Δm/Δt” represents the weight of the
moisture gain per unit of time (g/d), “Δp” symbolizes the
water vapor pressure among the two sides of the flm (kPa),
“A” signifes the flm surface (m2), and “d” represents the
thickness of the flm in millimeters.

Te gravimetric technique was used to evaluate theMC of
the flm samples. Te samples were cut into 3 cm by 4 cm
dimensions and weighed (W1). After that, the flms were
dried at 105°C until a constant weight reached (W2). Te MC
of edible flms was calculated using the following equation (2):

MC �
W1 − W2

W1
􏼠 􏼡 × 100. (2)

2.6. Opacity and Color Properties. Te transparency of the
flms was assessed as described by Zhao, Wang, and Liu [23]
using an ONDA-Vis spectrophotometer (Padova, Italy) at
a wavelength of 550 nm. In addition, the color properties of
the samples were evaluated using a spectrophotometer CR-5
(Konica Minolta, Tokyo, Japan). Te overall color diference
(ΔE) of flms was calculated by the following equation (3):

ΔE � ΔL
2

+ Δa
2

+ Δb
2

􏼐 􏼑
1/2

. (3)

In equation (3), “ΔL,” “Δa,” and “Δb” represent the
diferences between the color parameters of the flms (i.e.,
lightness (L∗), redness (a∗), and yellowness (b∗)) and the
white standards (L∗ � 95.9, a∗ � −0.09, and b∗ � 0.1).

2.7. X-Ray Difraction (XRD) Analysis. Te XRD analysis
was carried out by a Bruker D8 Discover instrument at the
voltage of 40 kV.Te flms were scanned with the scan speed
of 0.500 s/point in the 2θ range of 5°–55°.

2.8. Fourier Transform Infrared (FT-IR) Spectroscopy
Analysis. Te FT-IR spectra of the fabricated flms was
obtained in the range of 4000–400 cm−1 and a resolution of
4 cm−1 using an InfraRed spectrometer (Bruker Tensor 37,
Ettlingen, Germany).

2.9.AntioxidantActivity. Te antioxidant activity of the flms
was evaluated using ABTS cation and DPPH free radical
scavenging activities. Te ABTS free radical binding capacity
of flm samples was measured according to a method de-
scribed by Re et al. [24] with some modifcations by mea-
suring the change in absorbance at 734 nm for 6min after 30 s
vortexing with 50mg of flm and 1.9mL of 7mmol/L ABTS
radical solution produced with potassium persulfate solution
(2.45mM).

DPPH free radical scavenging activity was determined
according to method described by Brand-Williams, Cuvelier,
and Berset [25]. Hundredmg of flm samples weremixed with
1.95mL of DPPH solution and the absorbance was adjusted
(0.7 ± 0.2).Temixture was vortexed for 30 s and incubated in
the dark at ambient temperature for 30min. Te absorbance
at 517 nm was measured with a spectrophotometer (ONDA
Vis spectrophotometer). Te results were expressed as per-
centage inhibition of DPPH radical and ABTS cationic radical
with the average of three replicates.

2.10. Water Contact Angle Measurements. Te wettability
properties of the flms were analyzed employing OCA11
Contact Angle Analyzer (Data Physics Instruments
GmbH, Germany). Using a microliter pipette, 1 μL drop of
water was placed on a flm sample of dimensions 2 × 2 cm
and the contact angle was determined using dpiMAX
software. Te water droplet was imaged using an OCA11
camera (1044 ×1080 pixels).
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2.11. Statistical Analysis. In the current study, the aver-
age± standard deviation (SD) of the triplicates was reported.
Statistical comparisons among means were carried out via
ANOVA and Duncan’s tests using the SPSS (Version 17.0,
IBM Company, Chicago, IL, USA).

3. Results and Discussion

3.1. Tickness and Mechanical Parameters of the Films.
Table 2 shows that there are apparent diferences in the
properties of the flms mainly the thickness, mechanical
strength, and elongation at break. Film thickness increased
with the incorporation of AKBA and BA.Te blank flm, PC,
had the minimum thickness of 0.052mm; however, active
compound-loaded flms showed increases in thickness. Such
gain in thickness indicates that AKBA and BA are con-
tributing to the structural build-up of the flmsmatrix so that
they become thicker and denser. It has been reported that the
optimal thickness for polymeric flms should be ≤ 0.25mm
[26]. However, the flm samples that were prepared for this
research study are within the thickness limits prescribed for
polymeric flms.

With the addition of AKBA and BA, the tensile strength
of the flms reduced. Te blank flm (PC) had the highest
tensile strength of 22.07MPa. On the other hand, flms that
contained AKBA and BA had much lower tensile strength
values. Te decrease in tensile strength shows that the in-
corporation of these active compounds weakens the active
flm structure, and thus they were not able to withstand
external forces. It has been concluded that, for packaging
flms, a tensile strength of at least 3.5MPa is required [27].
With the addition of AKBA and BA, the elongation at break
was also decreased. Te blank flm (PC) was more fexible
with 33.42% EAB. Tis compromised EAB means that the
flms became were more prone to cracking upon bending
due to the addition of AKBA and BA. Earlier research has
documented the infuences of diferent organic acids on the
mechanical properties of the flms and their incorporation as
well. Te introduction of these organic acids in several
studies resulted in decreased tensile strength but on the
other hand led to improved fexibility of the flms [28–30].

3.2. Water Permeability, Moisture Content, and Antioxidant
Properties of the Films. WVP is a crucial parameter in
evaluating the barrier properties of flms, particularly in food
packaging applications. In this study, the WVP values ranged
from 0.436g∗ mm/(m2∗h∗ kPa) for the blank flm (PC) to

0.867g∗mm/(m2∗h∗ kPa) for the flm containing 50mg of
BA (PCT2) as presented in Table 3. Te blank flm had the
lowest WVP, indicating it is the most efective barrier to
moisture. Te addition of AKBA (PCA1 and PCA2) and BA
(PCT1 and PCT2) progressively increased the WVP, sug-
gesting that these compounds disrupt the matrix structure of
the flm, making it more permeable to water vapor. Te
increasingWVPwith higher concentrations of AKBA and BA
could be attributed to the increased free volume within the
flm matrix, which facilitates moisture transmission. Te
literature reports that organic acids, when incorporated into
flms, function as plasticizers, creating free space within the
flm matrix, and thereby facilitating the passage of moisture
[28]. Similar results were obtained in our previous study in
which the addition of AKBA increased theWVP values of the
pectin and sodium alginate composite flms [31].

Moisture content is an indicator of the amount of water
the flm can retain. In this study, the blank flm (PC) and the
flm with 30mg of AKBA (PCA1) had almost similar MC
values, suggesting that the introduction of a small amount of
AKBA does not signifcantly afect the flm’s ability to retain
moisture (Table 3). However, as the concentration of AKBA
increased to 50mg (PCA2), the MC drops signifcantly.
Results of the current study align with the literature, in
which a study reported that incorporation of the AKBA
reduced the moisture content of the biopolymeric flms [31].
Conversely, flms containing BA (PCT1 and PCT2) showed
higher MC, with PCT1 having the highest value. Tese re-
sults are consistent with studies showing that the inclusion
of certain bioactive compounds can increase or decrease the
moisture content depending on their interaction with the
flm’s matrix.

Table 1: Te compositional ratios of the components used for the flm forming solutions.

Codes Pectin (w/v) (%) κ-Carrageenin (w/v) (%) Glycerol (v/v) (%) AKBA or BA (w/v)
PC 1.5 1 1 Blank
PCA1 1.5 1 1 AKBA 30mg
PCA2 1.5 1 1 AKBA 50mg
PCT1 1.5 1 1 BA 30mg
PCT2 1.5 1 1 BA 50mg
Note: PC is the blank flm without active compounds. PCA1 and PCA2 contain 30 and 50mg of AKBA, respectively. PCT1 and PCT2 contain 30 and 50mg of
BA, respectively.
Abbreviations: AKBA, acetyl-11-keto-beta-boswellic acid; BA, boswellic acid.

Table 2: Tickness and mechanical parameters of the flms.

Film
samples

Tickness
(mm)

Tensile strength
(MPa)

Elongation
at break (%)

PC 0.052± 0.008a 22.07± 1.19a 33.42± 2.51a
PCA1 0.084± 0.009b 7.75± 0.42b 17.82± 1.20b
PCA2 0.102± 0.008c 5.04± 0.43d 18.51± 1.01b
PCT1 0.103± 0.010c 5.68± 0.62d 18.46± 1.15b
PCT2 0.098± 0.010c 6.88± 0.26c 17.81± 0.98b

Note: PC is the blank flm without active compounds. PCA1 and PCA2
contain 30 and 50mg of AKBA, respectively. PCT1 and PCT2 contain 30
and 50mg of BA, respectively.
∗Mean values, along with their standard deviations, are expressed as the
mean± standard deviation. Te alphabets signify statistical signifcance
diference (p< 0.05).
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Te antioxidant properties of the flms were evaluated
using DPPH and ABTS inhibition assays, which measure the
ability of the flms to scavenge free radicals. Te results ob-
tained for the antioxidant properties of the flms are presented
in Table 3.Te blank flm (PC) showed the lowest antioxidant
activity, as expected, since it contains no active ingredients.
When 30mg of AKBA was added (PCA1), there was a slight
increase in antioxidant activity, with further improvements
observed at the higher AKBA concentration (PCA2). Tis
suggests a dose-dependent efect of AKBA on the antioxidant
capacity of the flm. However, the most signifcant en-
hancement in antioxidant activity was observed in the flms
containing BA (PCT1 and PCT2), particularly at the 50mg
concentration (PCT2). BA is known for its strong antioxidant
properties, which are refected in the high DPPH and ABTS
inhibition percentages [32, 33]. Te results confrm that BA,
especially at higher concentrations, can signifcantly enhance
the antioxidant properties of the flms, making them more
efective in applications requiring antioxidant protection.

3.3. Opacity and Color Attributes of the Films. Opacity refers
to the degree to which a flm obstructs light from passing
through it, and it plays a crucial role in packaging appli-
cations where protection from light is necessary. In this
study, the blank flm (PC) showed the lowest opacity at 1.50,
indicating that the flm is more transparent (Table 4). When
30mg of AKBA was added (PCA1), opacity increased sig-
nifcantly to 13.56 and further rises to 17.11 with 50mg of
AKBA (PCA2). Tis observation suggests that AKBA in-
creases the flm’s density or particle dispersion, reducing its
transparency. Films with BA (PCT1 and PCT2) also showed
increased opacity compared with the blank but remain lower
than the AKBA flms, with values of 6.47 and 8.61, re-
spectively. Te “L∗” value indicates the lightness of the flms.
Te blank flm (PC) showed the highest “L∗” value of 96.39.
Adding 30mg of AKBA (PCA1) reduces lightness to 91.17,
and this further dropped signifcantly to 83.35 with 50mg of
AKBA (PCA2). Films containing BA (PCT1 and PCT2)
maintain higher lightness values compared with AKBA
flms, with “L∗” values of 95.27 and 92.72, respectively,
suggesting that BA has a lesser impact on the lightness of the
flms compared with AKBA.

Te “a∗” value represents the red/green scale, where
positive values indicate red and negative values indicate
green color. Te blank flm (PC) had a near-zero “a∗” value

(0.02), indicating a neutral color. Te introduction of AKBA
increases the “a∗” value signifcantly to 0.71 in PCA1 and
0.84 in PCA2, suggesting that AKBA imparts reddishness to
the flm. Films with BA also showed an increase in “a∗”
values with PCT1 at 0.23 and PCT2 at 0.35. Tis indicates
that both AKBA and BA shift the color toward red, but
AKBA had a stronger efect. Te “b∗” value measures the
shift along the blue-yellow spectrum and the blank flm (PC)
had a low “b∗” value of 0.65.Te addition of AKBA increased
this value to 2.31 in PCA1 and further to 2.97 in PCA2,
indicating that AKBA contributes to a yellowish hue in the
flms. BA also increased the “b∗” values, with PCT1 at 2.22
and PCT2 at 3.97, showing that both compounds contribute
to a yellow shift, with BA having a stronger efect at higher
concentrations.

Te ΔE∗ value represents the overall color diference
compared to the blank flm (PC). Te blank flm had the
lowest ΔE∗ at 0.74. As AKBA concentration increases, ΔE∗
rises signifcantly to 4.81 in PCA1 and 12.47 in PCA2, in-
dicating a substantial overall color change. Films with BA
showed moderate ΔE∗ values of 2.32 in PCT1 and 4.85 in
PCT2, refecting noticeable but less pronounced color
changes compared with AKBA. Tis suggests that AKBA
induces more signifcant color alterations in the flms than
BA, likely due to stronger pigmentation or interaction with
the flmmatrix. Previous studies have also concluded similar
fndings in which the incorporation of diferent ingredients
caused an increase in the color variation of the resultant
flms [31, 34, 35].

3.4. XRD Analysis. Te XRD pattern for the control sample
(PC) shows a broad peak centered around 20° 2θ (Figure 1).
Tis broad peak indicates that the control flm lacks any
signifcant crystalline structure. Both PCA1 and PCA2 show
more defned peaks compared to the control, indicating the
presence of crystalline phases. Te sharper peaks suggest the
incorporation of AKBA has led to some degree of crystal-
linity in the flms. Te % crystallinity values for the PCA1
and PCA2 samples were 26.5% and 23.5%, respectively. Te
patterns for PCT1 and PCT2 also showed defned peaks,
similar to PCA1 and PCA2, indicating the presence of
crystalline phases. Te PCT1 and PCT2 exhibited crystal-
linity values of 16.2% and 13.2%, respectively.Tese fndings
suggest that AKBA and BA contributes to the crystallinity of
the flm. Te control sample (PC) was predominantly

Table 3: Water permeability, moisture content, and antioxidant properties of the flms.

Film samples WVP ((g∗mm)/(m2∗h∗kPa)) Moisture content DPPH radical
(inhibition %)

ABTS cation radical
(inhibition %)

PC 0.436± 0.025a 41.86± 0.13b 12.85± 0.84a 26.70± 0.50a
PCA1 0.696± 0.023b 42.69± 0.97b 14.04± 0.68ab 35.06± 0.57b
PCA2 0.836± 0.004c 31.49± 0.29a 14.52± 0.38b 38.00± 0.75c
PCT1 0.862± 0.014d 49.48± 0.38c 27.83± 0.76c 38.71± 0.43c
PCT2 0.867± 0.010d 47.39± 1.36c 35.12± 0.66d 40.89± 0.92d

Note: PC is the blank flm without active compounds. PCA1 and PCA2 contain 30 and 50mg of AKBA, respectively. PCT1 and PCT2 contain 30 and 50mg of
BA, respectively.
∗Mean values, along with their standard deviations, are expressed as the mean± standard deviation. Te alphabets signify statistical signifcance diference
(p< 0.05).
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amorphous, while the addition of AKBA and BA introduces
crystalline phases into the flms, as indicated by the sharp
peaks in the XRD patterns of PCA1, PCA2, PCT1, and PCT2.
Tis suggests that both AKBA and BA promote the for-
mation of crystalline structures within the flms, which could
infuence the physical properties of the materials, such as
their mechanical strength and stability. A previous study on
organic acid-modifed starch–CMC materials also reported
the similar fndings in which the hydrolysis of citric and
acetic acids breaks chemical bonds, forming short-chain
fragments that recrystallize into a quasicrystalline struc-
ture, increasing crystallinity [36].

3.5. FT-IR Spectroscopy. Te FT-IR spectra demonstrated
the transmittance profles of the diferent flm samples. Te
spectra exhibit distinct absorption bands corresponding to
various functional groups present in the flms (Figure 2).Te
PC spectrum, serving as the control, exhibits characteristic
absorption bands, including those around 1034 cm−1, which
could be attributed to the C-O stretching vibrations,

commonly seen in polysaccharide compounds like pectin.
Te spectra for PCA1 and PCA2 flms display similar ab-
sorption bands to the blank flm but with noticeable shifts
and intensity changes in specifc regions. For instance,
a prominent peak around 1230 cm−1 indicating the in-
teraction of AKBA with the polymer matrix. Te spectra of
PCT1 and PCT2 also demonstrate characteristic bands of
both the polymer matrix and the active component (BA).
Notable peaks include 1034 cm−1 (C-O stretching), similar
to the blank, but with added intensity near 1230 cm−1 and
1640 cm−1, suggesting enhanced interactions due to the
presence of BA. A signifcant broad peak around 3310 cm−1

in PCT1 and PCT2 corresponds to the O-H stretching vi-
brations was observed, indicating the presence of hydroxyl
groups, possibly from glycerol component. Similar results
were observed in a previous study where the organic acid
incorporated flms showed shifting of bands associated with
hydroxyl groups [36].

3.6. Water Contact Angle Measurements. Te water contact
angle measurements provided insights into the hydrophobic
properties of the flms and are crucial for understanding the
surface characteristics of these materials (Figure 3). Te
control flm (PC), which does not contain any active
compounds, exhibited contact angles of 63.17° and 63.18°.
Tese values serve as the baseline for comparison with other
flms. Te flms containing AKBA showed a noticeable in-
crease in contact angles, refecting an enhancement in hy-
drophobicity. Specifcally, the PCA1 flm, which contains
30mg of AKBA, exhibited contact angles of 64.74° and
62.53°. Te PCA2 flm, with a higher concentration of 50mg
AKBA, demonstrated even greater contact angles of 72.83°
and 71.88°. Tis trend suggests that the incorporation of
AKBA, especially at higher concentrations, increases the
hydrophobic nature of the flm’s surface. In contrast, the
flms containing BA showed varying results. Te PCT1 flm,
which contains 30mg of BA, had contact angles of 61.13° and
62.68°, slightly lower than the control flm, indicating a lower
hydrophobicity. On the other hand, the PCT2 flm, with
50mg of BA, displayed contact angles of 61.91° and 61.68°,
which are also slightly lower than the control. Te observed
diferences in contact angles suggest that the presence and
concentration of AKBA signifcantly increase the hydro-
phobicity of the flms, as refected by the higher contact
angles in PCA1 and PCA2. In contrast, BA at both tested

Table 4: Opacity and color attributes of flms.

Samples Opacity L∗ a∗ b∗ ΔE∗

PC 1.50± 0.06a 96.39± 0.02e 0.02± 0.01a 0.65± 0.03a 0.74± 0.01a
PCA1 13.56± 0.31d 91.17± 0.83b 0.71± 0.02d 2.31± 0.19b 4.81± 0.16c
PCA2 17.11± 0.37e 83.35± 0.78a 0.84± 0.01e 2.97± 0.07c 12.47± 0.07d
PCT1 6.47± 0.24b 95.27± 0.19d 0.23± 0.01b 2.22± 0.01b 2.32± 0.20b
PCT2 8.61± 0.12c 92.72± 0.47c 0.35± 0.0c 3.97± 0.01d 4.85± 0.04c

Note: PC is the blank flm without active compounds. PCA1 and PCA2 contain 30 and 50mg of AKBA, respectively. PCT1 and PCT2 contain 30 and 50mg of
BA, respectively.
∗Te letters (a, b, c, d, and e) assigned to distinct values within a given column denote statistically signifcant diferences (p< 0.05). “L” represents lightness,
“a∗” indicates the green to red color range, “b∗” refects the blue to yellow color range, and “ΔE∗” quantifes the overall change in color.
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Figure 1: XRD analysis of the flms. PC is the blank flm without
active compounds. PCA1 and PCA2 contain 30 and 50mg of
AKBA, respectively. PCT1 and PCT2 contain 30 and 50mg of BA,
respectively.
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concentrations does not signifcantly enhance hydropho-
bicity, as indicated by the lower or comparable contact
angles to the control. Previous studies reported similar
fndings in which the addition of functional ingredients
improves the hydrophobicity of the resultant flms [37, 38].

4. Conclusion

Te present study successfully demonstrated the in-
corporation of BA and AKBA into pectin and kappa-car-
rageenan-based flms, aimed at enhancing their potential for
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Figure 2: FTIR analysis of the flms. PC is the blank flm without active compounds. PCA1 and PCA2 contain 30 and 50mg of AKBA,
respectively. PCT1 and PCT2 contain 30 and 50mg of BA, respectively.
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Figure 3: Water contact angle measurements the flms. PC is the blank flm without active compounds. PCA1 and PCA2 contain 30 and
50mg of AKBA, respectively. PCT1 and PCT2 contain 30 and 50mg of BA, respectively.
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active packaging applications. Te antioxidant properties of
the flms were signifcantly improved, making these flms
particularly suitable for packaging applications where oxi-
dative stability is important. Te increase in water contact
angles, particularly in AKBA-loaded flms, indicates en-
hanced hydrophobicity, which is benefcial for reducing
moisture transmission in packaging applications. In con-
clusion, the integration of BA and AKBA into pectin and
kappa-carrageenan flms presents a viable strategy for de-
veloping active packaging materials with improved anti-
oxidant and hydrophobic properties. In addition, future
studies should address the release profle of BA and AKBA in
food packaging and the risk of heavy metals or toxic me-
tabolite leaching. Tis is crucial to ensure the safe use of BA
and AKBA, given its complex composition and the evolving
understanding of plant extract safety in food packaging
applications.
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