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Abstract

To maintain quality and increase shelf life of food, packaging material is an essential and the rising demand.
This research evaluated different ratio of Aloe Vera gel and avocado seed starch at constant glycerol as potential
biodegradable packaging film. The packaging film was developed by formulation of 2%, 4% and 6% avocado
seed starch and 0.5%, 1% and 1.5% aloe Vera gel at constant glycerol concentration of 1%. Physical and
functional properties, morphology of the starch and FTIR analysis as well as film functional properties
mechanical properties, FTIR analysis, biodegradability and antimicrobial activity of the developed packaging
film were investigated. Water vapor transmission rate and permeability reduced with addition of aloe vera gel.
Tensile strength of the developed packaging film increased significantly from 2.7 +£0.15 (Mpa) to 10£0.25
(Mpa) with increasing starch content and it is nonlinear with the addition of aloe vera gel. Biodegradability of
the film increase with addition of aloe vera gel, the highest value 81.5% at 4% starch and 1.5% aloe vera gel.
Antimicrobial testing revealed zone of inhibition values of 12-18mm against E.coli and 14-20mm against
S.aureus. The 6% starch content and 1.5% aloe vera gel containing film matched with the control against E.coli
(18mm) and 4% starch with 1-1.5% aloe vera gel film matched with the control against S.aureus (20mm)

indicating effective antimicrobial activity.

Key words: Avocado seed starch, Aloevera gel, Mechanical property, Antimicrobial activity, Biodegradability
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1. Introduction

In food processing industry Packaging material are used to protect food against contamination, dust, environmental
conditions, and safe transportation[1]. There are different materials that are utilized to make food packaging, such as
glass, paper, biodegradable polymer, synthetic polymer, and others[2]. Non-biodegradable plastics, particularly
synthetic polymers, remain the predominant choice for packaging despite their adverse impacts on ecological
systems and public health [3]. These materials are extensively utilized within the food packaging industry owing to

their distinctive functional properties, safety profile, and ability to prolong product shelf life [4].

Biodegradable packaging materials are eco-friendly, inexpensive, and derived from renewable resources.
Researchers are widely studying the biological sources for biodegradable films and coatings [5]. Petroleum-based
plastics are generating many environmental problems, thus biodegradable polymers with different qualities are
currently being produced and employed. The global food packaging sector is attracting more attention for its

substantial waste production and environmental pollution[6].

Using agricultural processed waste to make eco-friendly packaging materials became a feasible option. Avocado
seeds, a byproduct of the avocado fruit processing industry, are often discarded as waste. However, these seeds
include necessary ingredients that may be utilized to make environmentally friendly packaging materials[1]. The
demand for innovative packaging materials with little environmental effect is being driven by consumers' growing

desire for ethically and ecologically produced goods [7].

Avocado seeds have a variety of bioactive substances such as lipids, proteins, fibers, and phenolic compounds,
which have antioxidant and antibacterial properties. The demand for continuous and environmental friendly food
packaging materials is growing due to environmental concerns and laws, which has prompted research into

alternative sources such avocado seed starch [8].

Aloevera is widely recognized for its exceptional therapeutic qualities. Recently, Spanish researchers created an

aloevera based gel increase the shelf life of fruits [9].
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Aloevera gel is a tasteless, colorless, odorless, nontoxic, and eco-friendly substitute for artificial preservatives like
sulfur dioxide. [10]discovered that treating tomatoes with 10% and 15% aloevera decreased the production of

ethylene while preserving tomato quality.

Continuous and excessive use of non-biodegradable plastic packaging materials has become a serious environmental
problem. However, a large number of by-products are produced during industrial avocado processing, namely peel
and seed, which make about 18% to 23% of the fruit's dry weight [11]. Avocado seed starch is a byproduct of the
avocado fruit processing, which is often thrown out as trash and the environment has affected as a result of these
byproducts. Research has indicates the availability, affordability, and biocompatibility of avocado seed starch make

it a promising material for biodegradable packaging film[12].

Since these byproducts are sources of significant phytochemical substances, it is beneficial to use them to lessen
their environmental effect and add value. Thus, aloevera and avocado seed starch, two natural ingredients, will be
utilized to create biodegradable food packaging materials [11]. Utilization of Avocado by product to develop
biodegradable food package contributes to recycle of waste from avocado processing industry. Additionally the use
of avocado seed starch to develop biodegradable packaging films provides a long-term solution to the increase issue

of plastic pollution.

2. Materials and Methods

2.1. Raw materials collection, transportation and preparation

Avocado seed was taken from avocado oil processing industry for starch extraction and avocado fruit to be packed
was collected from Awash melkassa research center and Aloevera was collected from Wendo Genet Agricultural
research center. The raw material was taken to AASTU where the starch extraction and aloevera gel preparation
were carried out. The avocado seed sample was washed with tap water, and rinsed with distilled water. Matured
leaves of Aloevera plant was washed with water and rinsed with mild (25%) chlorine solution. The experimental
was conducted at AASTU. Two kilograms of cleaned avocado seeds were chopped and milled to powder. The wet-
milled avocado seed was soaked in four liters water and left for two hours. Next, it was filtered by 75, 54, and 45

micrometer sieves and placed for four hours for settling purposes.
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After starch sediment formed and separated from the slurry the clear supernatant liquid were carefully transferred to
a clean beaker. The starch sediment was washed repeatedly by distilled water till the clear suspension was observed.
Starch sediment were dried in an oven at 60°C and finally it was milled and sieved to get homogenous sized starch
[13].

Aloe vera gel was extracted according to [14] method. Matured leaves of aloe vera plant were washed with water

and rinsed with a mild (25%) chlorine solution to disinfect the outer surface of the aloe vera leaves. After separating
aloe vera gel from the outer cortex, the colorless gel-like substance, which is hydro parenchyma, was blended with a
juice maker. Unwanted fibers were removed from the mixture by filtering and it was pasteurized at a temperature of
70°C for 45 minutes and cool to ambient temperature. Then citric acid was added to this gel to maintain the pH.
2.2, Experimental design factors and levels

Two variables avocado seed starch and aloevera gel with three levels were used in the complete factorial design
experiment. A completely randomized experimental design (CRD) was used to study the effects of avocado seed
starch and aloevera gel proportion on the performance of the films. The design was used to analyze the effect of
aloevera gel and avocado seed starch on mechanical, biodegradability and antimicrobial activity of the developed
packing film.

Table 3.1: Experimental design

Factors
Run Ass (%) Av (%)
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1.0
1.5
0.5
1.0
1.5
0.5
1.0
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2.3. Preparation of packaging film
A starch-based biodegradable packaging film was developed using a casting method according to [15] method. A
sample of 2, 4 and 6% of avocado seed starch and 0.5, 1 and 0.5% of Aloevera gel were mixed with 50 ml of
distilled water, then adding 25% glycerol by starch weight under constant stirring for 5 minutes at room temperature.
Then, the suspension solutions were heated to 80°C using hot plate for 15 minute and constantly stirred by magnetic
stirrer in order to obtain a uniform bubble-free solution. The solution formed was poured into petri-dish and

dehydrated in an oven at 50°C for 12 hours in order to obtain transparent and flexible films.

Avocado seed starch

1
Mixing
3 e Distilled water
Transferred to hot plate
¥

Glycerol (1%) Heating (80°)
3’

Casting

¥

Drying at 50°c for 12hrs

4

Avocado seed starch and aloevera gel

Alaevera oel
-

Figure 3.1. Packaging film making process from Avocado seed starch and aloevera gel.

2.4. Characterization of Physical and functional properties of starch

2.4.1. Moisture content
Moisture content of the sample was determined by the method described by [16] method. It is achieved through

mass differential analysis following a three-hour thermal dehydration process at 105°C, quantified by the formula

Moisture contentt (wb%) = % ¥100  Eqeeceereereeneneeieeeeeienene 1

Where W1 is the empty crucible mass W2 the initial mass with sample and W3 the final mass after drying.
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2.4.2.  Ash content
The ash content of a starch sample was determined using a high-temperature incineration method [16].The
procedure involved precise measurements and controlled heating cycles, followed by gravimetric analysis to
determine the inorganic residue percentage.
A clean crucible was dried, weighted and 3 g starch sample was added to it. The sample was heated in a muffle
furnace at 550°C for 5 hours to completely combust all organic matter. Post-incineration, the crucible was allowed to
cool in the furnace below 250°C, and then transferred to a desiccator for a final 1 hour cooling period. The final

weight of the crucible with ash was recorded

Wca—-Wbc

Ash % = === x 100 B, 1

Where: Wbc = Weight of the blank crucible, Ws=Weight of the sample and Wca=Weight of the crucible with ash.

2.4.3. Water absorption capacity
The method for determining the water absorption capacity (WAC) of a sample, adapted from [17], involves a series
of preparation and measurement steps. Initially, a precise quantity of sample (one gram) is introduced into a beaker
containing exactly 10 ml of distilled water. This resulting suspension is subjected to continuous agitation using a
magnetic stirrer for duration of five minutes to ensure thorough mixing.
Following the stirring phase, the mixture undergoes a separation process via centrifugation at a speed of 3600 rpm

(revolutions per minute) for a period of 15 minutes

wl-w2

(wac ) = ) * 100 EqQeeeoeeonenann 2

ws
Where, W = weight of residue in tube after centrifuge, W, = weight of empty tube before centrifuge, W = weight of

sample.

2.4.4. Water solubility determination
The water solubility of starch can be determined by following a specific procedure involving heating a sample in
water, centrifuging the mixture, and measuring the weight of the dried supernatant.
One gram (1 g) of a starch sample is combined with 10 mL of distilled water and subsequently heated for 30 minutes
at 60°C without agitation, as outlined by [18].
The treated mixture undergoes centrifugation at a rate of 1600 rpm for duration of 10 minutes. The resulting

supernatant liquid is carefully isolated from the solid residue. The isolated supernatant is dried completely. The final

7
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water solubility percentage is derived using the weight of the resulting dry supernatant relative to the initial weight

of the starch sample via the following equation:

Weight of dry supernatant

Water solubility (%) = *¥100  Eqeeeeeeieieenennns 3

weight of starch sample

2.4.5. Determination of swelling power

One gram of the sample was poured into a pre-weighed graduated centrifuge tube. Then, 10 mL of distilled water
was added to the weighed sample in the centrifuge tube, and the solution was stirred and placed in a water bath
heated at 75°C for an hour. While shaking the sample gently to ensure that the starch granules remain in suspension,
it was gelatinized. The samples were cooled to room temperature and centrifuged at 3000 rpm for 15 min.

After centrifugation, the supernatant was decanted from the sediment into a pre-weighed petri dish; the supernatant

in the petri dish was weighed and dried at 105 °C for an hour. The sediment was weighed and recorded [19].

. Weight of swollen sediment
Swelling power (E) = —E— Equcooeieiiii 4
g Weight of dry starch

2.5. Physicochemical properties of the developed packaging film

2.5.1. Water solubility

The water solubility of the packaging film was determined following the methodology described by [5]. The process
involved several distinct steps to measure the mass reduction after exposure to water. The sample of (2cm) times
(2cm) was initially dried at 105C for 24 hours to establish the constant initial mass.

The dried sample was submerged in 10 mL of distilled water within a 25 mL centrifuge tube. The mixture was
slowly agitated for 24 hours at a constant temperature of 25°C. Following agitation, undissolved residue was isolated
via filtration. This remaining residue was subsequently dried for another 24 hours at 105°C to determine its final

mass. The percentage of water solubility for the film was calculated using the following equation:

the initial mass—final mass of the sample

Water solubility film % = * 100 Equation.... 5

the initial mass

2.5.2. Water absorption capacity
A standardized procedure, adapted from methodologies published by [20] and [21], was utilized to quantify the
water absorption of the biodegradable film.
The protocol involved several key stages. Initially, a precisely dimensioned film specimen 2cm times 2 cm was

prepared and its initial dry mass was precisely documented. This sample was subsequently submerged in a container
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of distilled water for a period of 24 hours. Its final, saturated wet mass was then measured to ascertain the extent of

water uptake.

Wet weight—Dry weight "
Wet weight

% of water absorption = 100 Equ.covennnen. 6

2.5.3. Water vapor transmission rate and Water vapor permeability
WVTR was determined using a modified desiccant method, based on established procedures from relevant literature
[22]. This technique measures the amount of moisture that passes through a film over a specified period under
controlled conditions. A circular section of the packaging film was prepared, sized to cover the opening of a
standard petri dish. The film was placed over the opening of the petri dish and sealed securely to prevent any vapor
leakage other than through the film itself. The total mass of the sealed petri dish assembly was recorded at the start
of the experiment. The weighed samples were placed inside a desiccator, which contained a 70% concentration

NaCl solution used to maintain a stable, high-humidity environment.

The samples were removed and weighed at predetermined time intervals: 0, 8, 24, 32, 48, and 72 hours. The
recorded weights were used to generate a linear regression graph of weight change versus time. The slope of this

line represented the rate of mass increase (g/h).

WVTR =22 BQeoeeoeeeeeeeenn, 7
AAt
wyp = WTRX B e, 8
AP

Where, AP= the difference in water vapor pressure on both sides of the film, X =film thickness; Am = the weight
increment of the test cup; A = area of film At = the duration for permeation.

2.6. Mechanical properties of developed packaging film

2.6.1. Tensile strength and percentage of elongation at break
Mechanical parameters, notably tensile strength and elongation at break, were measured using a Testometric
Machine using the approach described by [23]. Each sample, measuring 10 mm in width and 50 mm in length, was
stretched until it failed. The film's tensile strength was measured in megapascals (MPa), and all stated results are an

average of the measurements.

Force (N)

Area (Width in mmxthichness in mm)

Tensile Stenght (MPa) =
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Elongation at Break = *100 Eq.............. 10

Original in Length
2.6.2. Thickness of the biofilm
Film thickness was measured using a calibrated electronic digital micrometer. Five random measurements were

performed over each dried film, with the mean value being the final thickness [24].

2.6.3. Biodegradability test
A soil burial approach was used to assess the film packaging's biodegradability in accordance with the protocol
developed by [25]. At a depth of 3 cm, pre-weighed samples (2 cm x 2 cm) were buried. Weight of samples was

taken every three days during a 24-day period.

. Initial weight of the biofilm—Final weight of the biofilm
Degradation % = ghtof ! ght of Jim o 100 Eq..... 11

Initial weight of the biofilm

2.6.4. Antimicrobial activity of packaging film
The antimicrobial activity of the packaging film was evaluated using an agar diffusion technique The process
involved incubating E. coli and S. aureus strains, plating young cultures on nutrient agar, applying 9 mm film discs,
and measuring the zone of inhibition after 24 hours at 37°C to determine antibacterial activity[26].
2.7. Statistical analysis
The analysis of variance (ANOVA) of the different data was performed using Minitab software. The significant
differences among means were compared using Tukey’s test at a 95% confidence level (P < 0.05). The results were

expressed as means and standard deviations (mean = SD).

3. Result and Discussion

3.1. Characterizing Physical and functional properties of avocado seed starch

3.1.1. Moisture Content
Moisture content is the main factor in all raw materials and finished goods which affect their nutritional value and
performance during handling, storage, and processing [27]. Moisture content is the amount of water in a sample,
which indirectly indicates its total solid content. The results are shown on (figure 4.1). The starch moisture content

of this research was 9.37+0.4% which is higher compared to the reported value in other investigation 7.63% [19].

10
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Higher moisture content decrease the shelf life of starch because it facilitates the growth of microorganism, which
changes other important properties of the starch like color, protein, and amylose concentration [28]. Low moisture
content is advisable since it minimizes weight during transit, increases shelf life, and is frequently necessary for
industrial and culinary applications.

Moisture content less than 14% ensures storage stability by lowering water activity that prevents microbial growth

and enzymatic degradation.

Table 3.1. Physical and functional properties of avocado seed starch

Sample Physical properties
Moisture Content (%) Ash (%)
9.37+0.4 0.37+0.002

Avocado seed starch . .
Functional properties

Water absorption (g/g) Swelling power (g/g) Solubility (%)

2.37+0.08 6.1+1.6 13.2+0.69

3.1.2.  Ash Content
The ash content is the residual after the combustion process of the materials into carbon-free product, which
originates from minerals and inorganic salts in the fresh tuber, fertilizer usage, and can also come from soil and air
pollution during processing [29]. The ash content was shown on (figure 4.1). The ash content obtained for this
research was found to be 0.37+0.002 which is below the reported value by [16] which was 0.67 + 0.014%.
The value of 0.37% indicates that soluble minerals and other contaminants were eliminated from the starch granules
by an effective purification procedure (such as suitable washing and centrifugation steps). The minimum ash content

shows that the starch is of good quality [30].

3.1.3. Water absorption capacity
Water absorption of the materials indicates the ability of the materials to absorb water. Water absorption capacity
depends on the presence of hydrophilic groups that bind to water molecules and the gel-forming capability of
macromolecules [31].
The water absorption capacity of the avocado seed starches were shown on (table 4.1). The obtained value of water

absorption capacity of this research was 2.37+0.08 and it was higher than the native starch's water absorption, which

11
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was around 0.3 g/g, but lower than the other starches reported values for avocado seed starch, such as 4.56 g/g or
4.75 g/g, and this value depend on the variety and extraction method [32]. Water absorption capacity of starch is
influenced by the presence of hydrophilic group and granular structure and the lower value shows more compact

granule with less porous internal structure [33].

3.1.4. Swelling power of the starch
The swelling power of the materials indicates how much water the granules hold at a given temperature after
centrifugation. The results of swelling power of avocado seed starch were shown on (table 4.1). The Swelling power
of the obtained avocado starch was 6.1+1.6g/g and this result slightly deviates from a reported value by [34]. The
swelling power indicates that, at a specific temperature, the starch absorbs and retains this amount of water per

gram. A study on avocado seed starch found swelling capacity of 8.18—8.48 g/g for different varieties [32].

3.1.5. Water solubility of starch
Water solubility is starch that dissolves into water mostly amylose and small amylopectin fragments released during
heating. It can be influenced by amylose and amylopectin characteristics of the starches [35].
The results of water solubility of avocado seed starch were shown on (table 4.1). The result for water solubility of
this research was 13.2 which are lower than values found in other studies, which range from 16% to over 20%
depending on the conditions. This higher solubility are observed at increased temperatures where amylose leaches

from swollen starch granules, while the low value of 13.2% suggests it was measured under ambient conditions.

3.1.6. FTIR Analysis of starch

The result of FTIR for avocado seed starch shows typical profile of a polysaccharide (starch), very broad O—H, weak
C—H stretches, strong C-O/C-0O—C in 1200-900 cm !, and no carbonyl near 1700-1750 cm'. The result indicates
that the O-H group binded with hydrogen, C-H alkanes, C=0 and C-O ethers. The existing of those groups had

represented avocado seed starch having amylose and amylopectin and reducing glucose [36].
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Figure 3.1. FTIR of avocado seed starch
From the FTIR result on figure 4.1, the broad band at 3279 cm™ was attributed to the vibrational stretches of the

starch O-H groups. This O-H group is the most characteristic feature of starch and other polysaccharides in an FTIR
spectrum.

3.2 Functional properties of the developed packaging film

3.2.1. Water solubility of the film
The purpose of water solubility test was to examine the ability of the film to dissolve and retain water when used as
food packaging. The values of the water solubility of the film obtained in this research were indicated in the (table
4.3) given below. Water solubility of the developed film shows significant difference (P<0.05) due to starch and
aloevera gel. From the result water solubility was affected by interaction effect of avocado seed starch and aloevera
gel. The water solubility of this study ranges from 77.84+0.35 to 96.0+0.45.
The highest value was obtained from the lowest starch and aloevera gel, the lowest value of solubility was obtained
from highest starch and aloevera gel. The decrease in solubility with increasing starch content and aloevera gel can
be the result of the formation of a more densely packed and potentially more crystalline polymer network.
A higher starch concentration provides more chains for hydrogen bonding, leading to a stronger, less water
accessible matrix [37].
An increase in starch concentration promotes the re association of amylose and amylopectin chains leading to a
more ordered structure that is less susceptible to water dissolution [38]. The addition of aloevera gel further reduces
solubility. This may be for the interaction between starch hydroxyl groups and the polysaccharides glucomannans in

the aloevera gel [39].
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Incorporating aloevera gel into chitosan-starch films reduced their solubility, which they attributed to the formation

of a more complex and stable polymeric network through intermolecular interactions.

Table 3.2. Interaction effects of starch and aloevera gel on physical properties

Sample WS (%) WA (%) WVTR(g/m?hr WVP(g.mm/m*hrkpa
Ass1Avl 96.0+0.45* 41.2+0.35¢ 98.3+0.75% 0.0110+0.006°
Ass1Av2 94.2+0.41° 46.5+0.41° 77.67+1.96% 0.0090+0.01¢
Ass1Av3 95.5+0.305% 32.6+0.2 ¢ 60.67+2.08% 0.0077+0.00f
Ass2Avl 92.8+0.208° 41.2+0.35¢ 69.93+0.754 0.0093+0.0115¢
Ass2Av2 91.8+0.15¢ 23.7+0.15° 58.0+0.75° 0.0061+0.01"
Ass2Av3 94.3+0.45° 21.4+0.2¢ 39.53+0.78f 0.0056+0.005!
Ass3Avl 77.8+0.358 18.1+0.26° 107.63+£0.31a 0.0145+0.06a
Ass3Av2 78.6+0.52f 13.8+0.15 88.9+1.320¢ 0.0117+0.06°
Ass3Av3 86.8+0.21° 15.940.12" 39.0+0.72g 0.0068+0.0115¢g

All values are means + standard deviation. The column with the same means with different letters is significantly
different (P < 0.05). Assl, Ass2 and Ass3 are 2%, 4% and 6% avocado seed starch, Avl, Av2 and Av3 are 0.5%, 1%
and 1.5% aloevera gel respectively; WS=water solubility; WA water Absorption; WVTR=water vapor transmission

rate; WVP=water vapor permeability

3.2.2. Water absorption of the film
Water absorption is a measure of the film's hydrophilicity and the free volume in the polymer matrix. High WA can
lead to loss of mechanical strength, structural deformation, and promote microbial growth. The water absorption in
starch films can affect significantly the physical and barrier properties of starch-based films.
The water absorption capacity of the film was shown in the (table 4.3). Statistically significant (P<0.05) differences
were observed in packaging film developed from avocado seed starch and aloevera gel.
The value of water absorption capacity for this research was between 13.8+0.15 to 46.5+0.41. High water absorption
was associated with low starch (2%) and medium to high aloevera gel (1-1.5%).
The hydrophilic nature of aloevera gel boosted the film's weight while also enhancing its ability to absorb and hold

water. [39].

3.2.3. Water vapor transmission rate and permeability
Water vapor transmission rate and permeability is a key indicator of a packaging film's ability to protect against

moisture exchange. The water vapor transmission rate of the film obtained in this research was indicated in the
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(table 4.3). The value of WVTR ranges from 39.0 to 107.63 indicating that higher WVTR at lowest starch and
aloevera gel. As the starch content increases, the film becomes thicker and the path for water molecules to travel
through becomes longer and more winding. [40] Demonstrated this in sugar palm starch films, showing that a more
compact structure directly correlates with reduced WVTR. WVTR decrease with increasing aloevera gel. Its
polysaccharides can form a compatible blend with starch, reducing the free volume between polymer chains. The
addition of Aloevera gel into the film matrix resulted in a more homogeneous and compact structure, which was
evidenced by a significant decrease in water vapor permeability [41].
The water vapor permeability of packaging films developed by avocado seed starch and aloevera gels is shown in
the Table 4.3. The values of the water vapor permeability of the films varied significantly (P<0.05) due to starch and
aloevera gel concentration. WVP ranges from 0.0056+0.005 to 0.0145+0.06 lowest WVP at medium starch (4%) and
highest aloevera gel (1.5) and highest WVP at highest starch (6%) and lowest aloevera gel (0.5%). The WVP of the
film depends on the composition of the raw materials from which the film developed.
Incorporation of aloevera gel significantly reduced the water vapor permeability (WVP) and this was due to of the
interaction between chitosan and Aloevera constituents causing a reduction in hydrophobicity of chitosan groups
[42]. The strong interaction between the mono systems and the polymeric matrix increases the film compactness,
making it difficult for water molecules to cross through the polymeric matrix [43].

3.3. Functional group analysis of the film (FTIR)
Analysis of the film developed from avocado seed starch and aloevera gel showed that FTIR spectrum of the sample
obtained at the wavenumbers in the range of 4000-400 cm-1 [44].
The result of FTIR for the developed packaging film was shown on (figure 4.2). The results showed broader peaks

between 3269.35cm-1 to 3277.38cm-1 for all samples.

3.3.1. Impact of aloe vera gel concentration on absorption band at constant starch weight
When comparing film sample with the same starch at different AV volumes (4% Ass with 0.5, 1 and 1.5% AV), the
primary differences are in the intensity of the absorption bands. The result indicates that increase in AV results in a
wider and slightly more intense broad band in the 3272.4-3274.94 cm™ areas. Acemannan, a polymer found heavily
in aloevera gel, has several hydroxyl groups. More AV strengthens the polymeric network by introducing additional
locations for hydrogen bonds with the starch chains [39]. The peaks in the region especially the C-O-C glycosidic

bond stretch (~1149.19 cm™) and C-O-H stretches (~1077.86, ~998.89 cm™), show increased intensity with higher
15



353 AV content. This confirms the incorporation of more polysaccharide material from the aloevera gel into the film

354 matrix [45].
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356 Figure 3.1. FTIR for the films with different starch and aloevera gel ratios
357

358 34. Morphological Analysis of the packaging film
359 The morphology of avocado seed starch and developed film was indicated in (figure 4.3 A and B). The micrograph
360 of the starch sample shows oval and spherical shapes, the most common shape visible are ovals and the medium and

361 smaller sized ones are spherical. The majority of the displayed granules were smooth and intact surface.

362 There are no visible pores, fissures, or erosion patterns that would indicate enzymatic, acid, or physical

363 modification. The presence of smooth structures would point to a good purity in the starch[46].

364 The surface morphology of packaging film from avocado seed starch and AV exhibited compact morphology

365  without pores and cracks

366 Aloevera gel, which is primarily water and polysaccharides (like acemannan) can integrate well with the starch
367 polymer chains. It likely acts as a plasticizer, helping to form a more flexible and continuous matrix by reducing the

368 strong intermolecular forces between starch chains[47].
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370  Figure 3.2. Structural Morphology of avocado seed starch (A) and packaging film (B)
371

372 3.5. Mechanical properties of the film
373 Evaluating mechanical qualities of food packaging material is critical for guaranteeing loss free distribution and
374 suitable protection during transit and storage[48]. Packaging films' mechanical properties are linked to their ability

375 to withstand stress on their surface.

376 Table 4.3 mechanical properties of the film

Sample TS (Mpa) EB (%) Thickness (mm)
Ass1Avl 4.8+0.2f 15.2+0.25¢ 0.25+0.01¢
Ass1AV2 5.4£0.15¢ 13.0+£0.21° 0.30+0.01°
Ass1Av3 2.7 £0.15¢ 6.9£0.15¢ 0.35+0.01°
Ass2Avl 8.2 +0.25¢ 19.2+0.25% 0.31+0.01¢
Ass2Av2 9.5+0.25¢ 19.6+0.25% 0.37+0.01°
Ass3Av3 4.9+0.057" 11.420.47° 0.40+0.01?
Ass3Avl 10£0.25° 15.9+0.15¢ 0.32+0.01d¢
AssAv2 9.5+0.15° 20.1+0.3? 0.36+0.02°
Ass3Av3 9.3+0.2b¢ 20.4+0.40° 0.41£0.0115°

377 The mean of the same column with different letters are significantly different (P<0.05). Ass1, Ass2 and Ass3 are 2%,
378 4% and 6% avocado seed starch, Avl, Av2 and Av3 are 0.5%, 1% and 1.5% aloevera respectively; TS=tensile

379 strength; EB =Elongation at break.
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3.5.1. Tensile strength

Since plastic films are susceptible to variability, determining the tensile strength of the film will ensure that
minimum strength requirements are provided for its application for food packaging purposes [49]. The result of
tensile strength of the film was shown on (table 4.4). There were significant difference (P>0.05) in tensile strength
of the developed packaging film. The result ranges from 2.7 £0.15 (Mpa) to 10+0.25 (Mpa) at 2% and 6% starch
indicating increase in tensile strength as the value of avocado seed starch increases and it indicates excellent
compatibility and a reinforcing effect of the avocado seed starch within the polymer matrix.

At higher amount of avocado seed starch, the starch granules likely form a denser, more continuous and
homogeneous network that increases the film's integrity and ability to withstand stress before breaking. This is in
agreement with the principle that compatible starch blends can create a more robust polymeric network [50].

In relation to addition of AV the tensile strength was not linear but decrease as the AV increases indicating that at
higher amount of AV, the excess moisture and possible phase separation can weaken the polymeric structure, leading
to a drop in strength as evidenced by the high standard deviations. The plasticizing effect of hydrocolloids like AV,
which can improve flexibility but reduce strength at high concentrations, is well-documented in biopolymer films

[51].

3.5.2. Percentage of elongation at break

Elongation at break is the ability of the films to extend before breaking and describes the nature of the film
plasticity. Plasticity or extensibility is generally required for a film to regain its integrity when applied to food
products [52]. The result of elongation at break for this research ranges from 6.9+0.15 to 20.4+0.40 (Table 4.4).
From the result Elongation at break increases as avocado seed starch increases.

At higher starch amount, the starch forms a strong, continuous, and homogeneous network highly compatible,
creating a unified matrix that can distribute stress more effectively and deform to a greater extent before failure [51].
For the addition of aloevera gel to the film, elongations at break become decrease at low to medium starch and
increase at higher starch.

The aloevera gel's high water content, as well as other components, is likely to disrupt the hydrogen-bonded starch
network. This is because the cross linker reinforcement reduces chain mobility, lowering elongation at break.
Internal hydrogen bonding between polymer chains and the subsequent decrease in molecular volume, which

promotes brittleness and lowers elongation at break[39].
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3.5.3. Thickness of the film

The thickness of the packaging film is an important parameter as it affects the other properties of [53]. The thickness
data of avocado seed starch and aloevera gel packaging films are given in (table 4.4). The result ranges from
0.25+0.01mm to 0.41+0.0115mm.

It show that the thickness increases with higher starch content. This is expected, as a greater mass of starch solids
forms a thicker film-casting layer upon drying [50]. With an increase in aloevera gel volume, the formed film's
thickness rises likewise[54].

3.6. Biodegradability test

If packaging materials break down by at least 90% by biological action in less than six months, they are deemed
biodegradable [55]. The developed packaging film biodegradability tested was conducted using the soil burial
method. The film weight was recorded before it buried and the weight loss was examined for every five days. The
result of the biodegradability of the developed packaging film was shown on (table 4.5). The result indicates that

degradation of the films increased as the burial time increases.

Table 4.5. Percentage weight loss of avocado film packaging materials

Weight loss in days (%)

Sample 0 10 15 20t 25t
Ass1Avl 0.073 11.43 22.6 54.2 77.5
AsslAv2 0.060 6.90 27.78 33.33 76.9
AsslAv3 0.115 29.20 31.25 65.45 78.9
Ass2Avl 0.066 13.11 22.64 41.46 70.8
Ass2Av2 0.126 4.88 29.06 44.58 79.7
Ass2Av3 0.076 5.56 27.94 44.90 81.5
Ass3Avl 0.067 13.64 21.05 37.78 60.7
Ass3Av2 0.076 9.33 22.06 39.62 65.5
Ass3Av3 0.052 10.00 24.44 44.12 78.9

Assl, Ass2 and Ass3 are 2%, 4% and 6% avocado seed starch; Avl, Av2 and Av3 are 0.5%, 1% and 1.5% aloevera
respectively.

On the 25th day, all of the developed packing film had deteriorated by more than 60.7%. The minimum
biodegradation was 60.7% which found at higher starch content (6%) and lower aloevera gel. A medium
concentration of avocado seed starch leads to significantly higher biodegradability by the 25 day which was 81.5%

higher than any other combination.
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The rate of biodegradability of the film depends on the physiochemical properties like chemical structure, molecular
weight, affinity to water and surface area of the biofilm [56]. Moreover, addition of plasticizer was found to be
increase the biodegradation of the bio plastics whereas, addition of fillers (5% w/v) was reduced the biodegradation
ability of plasticized samples [57]
3.7. Antimicrobial activity of packaging film

Aleovera gel inhibits the growth of both gram-positive and gram-negative bacteria by creating inhibition zone [6].
The value of antimicrobial activity of the packaging film against E. coli as gram negative and Staphylococcus aureus
(S. aureus) as gram positive bacteria was conducted.

The results showed that antimicrobial activities increased as Aloe Vera gel percentage in the packaging film
increase. [58] suggest that antimicrobial activity of inhibition zones depends on aloevera gel concentration. The
packaging film developed from the combination of avocado seed starch and aloevera gel produced an inhibition
zone of 12-18mm against E.coli and 14-20mm against S.aureus while the positive control (ciprofloxacin) was 18-
20mm and the negative control Omm. The 6% starch and 1.5% ml aloevera film matched with the control against
E.coli (18mm) and 4% starch with 1-1.5% aloevera gel film matched with the control against S.aureus (20mm)

indicating effective antimicrobial activity.

4. Conclusion

The study was conducted to develop biodegradable packaging film from avocado seed starch with aloevera gel and
evaluate the effect of the developed packaging film on the quality of avocado fruit. The result indicates that physical
and functional properties of the extracted starch were found in the range of good categories. The result also indicates
that it is possible to extract starch from avocado seed and develop biodegradable packaging film by incorporating

aloevera gel.

The physical, functional, and mechanical properties of the developed biodegradable packaging film show a
significant difference at P <0.05. The water vapor transmission rate and permeability of the developed packaging
film were reduced with the addition of aloe vera gel. The film that has 6% avocado seed starch and 0.5% aloe vera
gel has the highest tensile strength. Elongation at break increase with increasing starch content and aloe vera gel,

and the highest value was 6% starch with 1.5% aloe vera gel content.
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Incorporation of aloe vera gel shows excellent antimicrobial activity, with packaging film containing 6% starch and
1.5% aloe vera gel matched with the control against E.coli, while 4% starch and 1-1.5% aloe vera gel matched with
the control against S. aureus. The films also demonstrated significant antioxidant and antimicrobial activities. The
values also indicate that the developed packaging film was biodegradable and environmentally friendly with the
highest biodegradability rate of 81.5%. These findings indicate the potential of aloe vera gel enriched avocado seed
starch films as sustainable and functional packaging materials, contributing to both environmental sustainability and

food safety advancements.
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