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It is no secret that plastics—particularly single-use plas-
tics— are deeply ingrained into our world and lives to-
day. This is problematic for various reasons, including
health concerns (Endo, et al. 2005; Andrady, 2011; Cox,
et al., 2019), marine litter (Willis, et al., 2018), and plas-
tic waste causing disproportionate effects for those in
developing countries (Browning, et al., 2021).

A commonly used type of single-use synthetic plastics
is transparent, flexible films. While recycling is possible
(though uncommon), there can be a decline in quality
of the recycled material (Horodytska, et al., 2018). Ad-
ditionally, synthetic-based plastics are non-renewable
and non-biodegradable causing various environmental
concerns. To potentially replace these materials with a
more sustainable alternative, research focused on the
development of biodegradable composite films using
polymers such as pectin and hemicellulose commenced.

Pectin is a natural material obtained from plants (com-
monly from fruits), and it is an edible polysaccharide
that is commonly used in the food industry (Chen, et
al., 2020). Hemicellulose is another natural polysaccha-
ride that is found in plants and constitutes up to 35% of
the biomass in plants (Egiiés, et al., 2013; Girio, et al.,
2010). Since polysaccharides are promising materials to
create oxygen barriers, both pectin and hemicellulose
are materials of interest for film application (Grondahl,
et al., 2004).

The purpose of the following research is to develop bio-
composite films using a combination of galactomannan
(a type of hemicellulose) from tara gum and different
sources of pectin (apple and soybean hulls) as poten-
tial alternatives for traditional synthetic films. To de-
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velop the films, solutions containing varying ratios of
tara gum and pectin (apple or soy pectin) with glycerol
(at an amount of approximately 25% of total film solid
weight, which was 0.5 g) as plasticizer were prepared.
The compositions are displayed in Table 1. The solu-
tions were stirred on a magnetic stirrer for 1 hour at
50 °C. The solutions were then poured into polystyrene
petri dishes and dried in an oven at 35°C for 5 days. The
films were then characterized using various analytical
techniques.

Table. 1. Film Compositions

Hemicellulose (%o of Pectin (% of
Solids) Solids)
0 100
20 80
40 60
60 40
80 20
100 0

*Note: The amount of glycerol and ultrapure water re-
mained constant at 25 wt.% and 40ml, respectively, in
all formulations.

Preliminary characterizations were done on the films,
and, for the purpose of this highlight, the most promi-
nent results will be discussed. All characterizations took
place after films remained in a desiccator at least over-
night.

Film thickness was measured ten times with micro cali-
pers on each film. The average of the ten measurements
was then taken to obtain the thickness value for each
composite film. Values are displayed on Table 2. The
thickness ranged from 0.071mm to 0.133mm. Though
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the films were prepared with a constant mass of mate-
rial, there are many different factors that influence the
thickness such as drying conditions and interactions
between materials used in the films (Sood & Saini,
2022), so this will require further investigation.

Table. 2. Film Thickness

Film Thickness (mm)
Apple Soybean Hull
Pectin/Hemicellulose Pectin/Hemicellulose
Composite Films Composite Films
Film (% Thickness Thickness
Pectin) (mm) | Film (% Pectin) (mm)
0* 0.09 | 0* 0.09
20 0.09 | 20 0.09
40 0.08 | 40 0.13
60 0.08 | 60 0.07
80 0.07 | 80 0.07
100 0.09 | 100 0.09

*100% hemicellulose films

The contact angle of water was measured on a selection
of the films. More investigation is necessary to obtain
a comprehensive view of this characterization, but the
results from the soybean hull pectin composite films
could indicate a potential lignin contamination due to
increasing zero-time hydrophobicity as pectin content
increases. The film with 100% hemicellulose had a ze-
ro-time contact angle of 40.30°, while that with 100%
pectin had an initial contact angle of 67.23°.

FTIR analysis was performed for each of the films, and
the data from the 100% and 60% pectin films and 100%
hemicellulose films is displayed on Figure 1 and Fig-
ure 2 for apple pectin/hemicellulose composite films
and soy pectin/hemicellulose films, respectively. Both
spectra indicate the presence of the peak at 3400 to
3300 cm™, indicating the OH stretching vibration of
inter- and intramolecular hydrogen bonding (Sood &
Saini, 2022), whereas the bands between 3000 and 2500
cm™ is related to the CH, CH,, and CH stretching and
bending vibrations (Egiiés, et al., 2013). The intense
peak observed around 1740 cm™ corresponds to the
absorption of the esterified carboxylic groups (Sood &
Saini, 2022) of the pectin, whereas the absorbance band
around 1200 to 980 cm™ could be ascribed to the pres-
ence of hemicellulose (Cerqueira, et al., 2011). A peak
around 1515 cm™ in the soybean hull pectin/hemicel-

lulose spectra can be attributed to the aromatic vibra-
tions (Boeriu, et al., 2004). This could indicate presence
of lignin in the soybean hull pectin, although further
characterizations are required to ascertain the claim.

Overall, developing flexible composite films with the
materials in the percentages is possible, which could
provide the opportunity to diversify application fields.
Moving forward, more films will be made to obtain
more comprehensive data. The films will also be sub-
jected to mechanical testing.

Apple Pectin & Hemicellulose FTIR Analysis
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Fig. 1. FTIR Spectra of Apple Pectin Composite Films

Soybean Hull Pectin & Hemicellulose FTIR Analysis
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Fig. 2. FTIR Spectra of Soybean Hull Pectin Composite
Films
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Statement of Research Advisor

Evie has actively developed strategies to develop for-
mulations to cast composite films, while overcoming
challenges related to deaeration of the solutions and
homogenization to improve film formation. Addition-
ally, Evie has planned and executed experimentation,
data collection and analysis. During this period, Evie
has shown a great level of maturity in carrying inde-
pendent work, as well as critical thinking.

- Maria Soledad Peresin, College of Forestry, Wildlife
and Environment
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