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ABSTRACT

Avocado (Persea americana Mill.) is one of most favorite fruits for Vietnamese and along
with consumption, the large amount of avocado waste is releasing and contributing
significantly to environmental pollution. Recently, scientific reports indicated that avocado
waste including seeds and peels contains starch, cellulose and antioxidants, which are useful
to generate biofilms. Many studies have been implemented to figure out starch isolation
methodologies and characterization from avocado seeds, and the additives to enhance biofilm
performance such as plasticizers, fillers like chitosan, cellulose, etc. Moreover, avocado peel
is also used for biofilm formation and exhibits some impressive results. These biofilms also
verified their biodegradability within a short period of time, approximately 30 days after
landfilling. Therefore, in this review, we summarize the methodologies of avocado seed starch
isolation and corresponding biofilms quality assessment in presences of additives, including
mechanical properties and biodegradability. This review would be a considerable reference to
leverage avocado waste, an abandoned bioplastic-input source, aiming to deflate
manufacturing cost in green-plastic production.

Keywords: Avocado seed starch, biodegradation, biofilm, Persea americana Mill., mechanical
properties.

1. INTRODUCTION

Large amounts of food waste or agricultural waste are generated every day, significantly
impacting the environment. These disposals are not recycled and directly treated by
incineration or landfilling [1]. Minimizing the waste or recycling agriculture available
resources would benefit the sustainable economy and cut down the input fee during the
manufacturing process.

There is growing attention on the development of biopolymer materials due to their
biodegradability and safety to the environment [2]. The key advantages of this material are
widely available in nature and completely degradable. Various sources such as cereals, seeds,
tubers, palms and roots have been utilized for biopolymer material productions. Notably,
starch is believed to be an emerging source for biopolymer production and demonstrates its
potential versus others. Starch can be obtained from fruits, stems, leaves, grains or seeds, and
consequently chemically or physically modified to form the biopolymer and being employed
into various applications [3, 4].
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Avocado (Persea americana Mill.) is popular to Vietnamese daily life serving as a fruit.
However, avocado waste including seed and peel is also valuable to bioplastic production.
Numerous studies have reported that starch from avocado seed can be used as a source for
biofilm production [5-10]. Indeed, treatments such as heat combined with moisture or
additives modify starch structure, enabling transformation into biodegradable plastics. Other
evidence suggests Chitosan with glycerol enhances plasticity of biofilm derived from Avocado
starch [5-7, 11]. Besides, avocado peel is believed to create biofilm with impressive results
[12]. The key obstacles in this early industry are figuring out the standard operating procedures
(SOPs) in bioplastic production, collecting enough quantity of avocado waste from individual
households or food firms and establishing large-scale production at minimum cost.

In this review, we summarize accessible methods at mini-scale bioplastic production that
applies for avocado wastes including seed and peel. We list out the main additives that
contribute to bioplastic mechanical properties, also providing the update about biodegradation
tests of avocado waste derived biofilm. These findings would premise the new green concept
in bioplastic production, that comes from a widely available source such as avocado in
Vietnam and create a first step to optimize the SOPs for bioplastic production, a considerable
green business-model.

2. AVOCADO VIRTUES IN BIOPLASTIC PRODUCTION
2.1. Avocado seed starch serves as bioplastic materials

Many studies have indicated that bioplastics can be made from starch of various sources
such as potato, jackfruit seed, mango, rice, durian seed., etc. [13-15]. Avocado is one of the
most popular fruits in Vietnam and its daily consumption is remarkable. Consequently,
avocado waste such as peel or seed is releasing to the environment considerably. Stemming
from such reality, avocado waste has been employed for numerous studies to produce starch,
which is valuable for biodegradable plastics [16]. Ginting ef al. 2015 suggests the procedure
to isolate starch from avocado seed as described in Table 1 [5]. The starch extract-yield is
24.2%, containing 67.69% total starch including 32.47% amylose and 35.32% amylopectin.
The other method generates the same starch extract yield but higher total starch (73.62%). In
brief, avocado seed is chopped into 2 mm slices, rinsed with clean water and dehydrated under
sunshine for 6 h. Afterwards, slurry is made by blending avocado slices with water (ratio 1:5,
v/v). In the dehydrating step, the starch suspension is filtered, cooled and precipitated for 24h.
Finally, starch is dried at 50 °C /24 h before sieved via 100-mesh (Table 1). However, mostly
avocado seed starch is made by amylopectin (99.90%) [6].

In general, starch is composed of two types of glucose polymers, amylose and
amylopectin. Amylose is a linear polymer, tends to parallel and form hydrogen bonds to each
other, with less-water soluble structure and consequently increases hydrophobic property of
starch [3]. In contrast, amylopectin is a highly branched polymer, forming intramolecular
helical structures, driving the crystallinity of starch. Therefore, amylose level determines
starch gelling capacity, decreasing viscosity due to its hydrophobic and increasing elongation
at break, whereas amylopectin nets controls water-holding capacity. Both amylose and
amylopectin are important to bioplastic derived-starch functionality and the
amylose/amylopectin ratio decides physico-chemical properties of starch and as a result,
dominate the mechanical properties of bioplastic. Typically, amylose accounts for 15-30% and
amylopectin ranges from 70-85% among starch have been tested [17]. Evidence showed that
higher amylose in starch is preferable and enhances bioplastic functionality compared to
higher amylopectin [4] Therefore, methods generating more amylose from avocado seed
would be a good reference for following studies about avocado seed starch bioplastics (Table
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1). Moreover, evidence also showed that avocado seed paste after blending is encouraged to
be treated with Sodium metabisulfite (SMBS) (0.015-0.03%) for 24h to avoid enzymatic
oxidation, mainly by polyphenol oxidase and phenolates, preventing browning reaction and
affects the color of bioplastics [9, 10, 18] (Table 1).

Grisales-Mejia et al. proposed a simplified procedure to isolate avocado seed starch, and
all the blended paste is employed to bioplastic casting [19] (Table 1). Seeds are washed,
disinfected and transferred into disc mill, followed by dehydration at dry oven 45 °C /24 h.
Afterwards, the dried material size is further reduced by blade mill with No.140 Sieve and
stored in desiccator. Despite the convenience during starch purification, this method resulted
in the heterogeneous granule size, which may lead to reduced mechanical strength due to
decreased interaction with plasticizers [20]. Therefore, the simplified method to purify high
yield starch from avocado seeds is critical to large-scale bioplastic production, however, the
uniformed granule size is also important to ensure flexibility and mechanical strength of
bioplastic.

2.2. Avocado seed starch-based bioplastics and additives
2.2.1. Plasticizer

Starch granules from different sources exhibit different sizes and chemical composition
(amylose and amylopectin percentage, for instance). Moreover, native starch films are fragile
and tend to be crystallized, therefore the supplement of plasticizers such as glycerol, sorbitol
or urea are critical to incorporating the starch granules [21]. Plasticizers increase biofilm
flexibility by reducing intermolecular forces between starch molecules, thus enhancing chain
mobility and reducing brittleness, forming hydrogen bonds [22]. On the other hand,
plasticizers also lower glass temperature, preventing starch retrogradation [23]. These effects
highlight the importance of plasticizers during biofilm casting.

Jimenez et al. isolates avocado seed starch with the yield 11.38% and followed by
supplementing glycerol serving as a plasticizer to form biofilm [8]. Results showed that the
addition of glycerol increases the elongation rate, up to 4 folds versus without glycerol, while
enhancing water vapor permeability (WVP) and brightness of bioplastic versus the one made
from sweet potato or banana starch (Table 2). This data suggests that the addition of plasticizers
during casting process is a must and enhances biofilm quality.
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Table 1. Procedures of Starch preparation and characterization summarized

Starch Preparation Starch Characterization Composition Ref.
Material /Water Starch Drying | Mesh # | Yield | Amylose | Amylopectin | Average | Total | Moisture | Ash | Fat | Protein
ratio (w/v) Precipitate condition Condition | or Sieve | (%) (%) (%) granule |starch (%) (%) | (%) (%)
before blending Size Size (%)
(nm)
1:1 30 min stand 70°C/30 min | Mesh | 242 | 47.97 52.03 n/a 67.69 1.09 |1.01]1.86| 10.44 | [5]
Repeat twice #100
1:5 24 h stand 50°C/24h | Mesh | 24.2 0.1 99.90 5-35 |73.62 16.6 |0.23(1.09| 2.16 | [6]
#100
1:1 24-48 h stand 70°C/30min| Mesh | n/a n/a n/a n/a n/a n/a n/a | n/a n/a [7]
#100
1:1 30 min stand 60 °C / until n/a n/a n/a n/a n/a n/a n/a n/a | n/a n/a [11]
dried
0.3:1 1 h stand/ filter 42°C/6h Sieve |11.38 n/a n/a n/a n/a 12 0.16 | n/a n/a [8]
12 h stand 80 um
1:1 with 0.02% 24h stand 40°C/48h n/a n/a n/a n/a n/a n/a n/a n/a | n/a n/a [9]
SMBS for 24 h
1:2 with 0.03% Filter/ 1hr stand 50°C/24h | Sieve | 18.3 16.80 83.2 n/a 86.63 127 |0.67| n/a n/a |[10]
SMBS for 24 h | Spin wash 1200 rpm/10 min 80 pm
Repeat 3 times
1:1 Filtrate stand 1 h 60°C/24h | Mesh 16 0.1 99.90 n/a 73.62 16.6 [0.23[1.09| 2.16 |[30]
Wash with Distill water #100
repeat 3 times
5:1 with Milled and filter Vacuum Sieve | 13.1 314 68.6 3-30 n/a n/a n/a | n/a n/a [18]
0.015% SMBS filtration 50 um
for 24 h
Disc mill seeds and dehydrate at 45 °C /24 h and proceeding | Mesh | n/a n/a n/a 1.4-31.4 | 62.7 10.9 19 | 2.6 3.7 [19]
blade mill #140

n/a: not analyzed as experiment design
SMBM: Sodium metabisulfite
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Table 2. Bioplastic casting and mechanical property evaluation

Bioplastic casting Biofilm properties
Plasticizer Starch: Additives Pasting Drying Tensile Elastic Shear | Elongation Water Vapor | Ref.
/Filler (W/w) temp condition strength Modulus stress (%) Permeability
(MPa) (MPa) (mg/m.d.Pa)
Glycerol Starch: Chitosan (7:3) 90°C 60°C/24h 5.096 36.359 n/a 14.016 n/a [5]
0.2 mL/g
Ethylene glycol 0.2 Starch: Chitosan (7:3) | 91.55°C | 45°C/24h 22.5 1000 n/a 2.5 n/a [7]
mL/g
Glacial acetic acid Starch: Chitosan 70°C RT n/a n/a n/a n/a n/a [11]
(solubility) 0.25 mL, (0.1: 4)
Sorbitol
0.75 g/g
Glycerol n/a 80°C 30°C/72h 10.78 n/a n/a 13.09 3.98 [8]
0.25 mL/g
Glycerol 0.315 mL/g Starch: Nano-chitosan 50°C 45°C/24h n/a n/a n/a n/a n/a [9]
+ Gelatin 0.625 g/g (4:5)
Glycerol Starch: Cellulose Fiber 85°C 50°C/24h n/a n/a 194 Pa/ n/a n/a [10]
0.3 mL/g (7:3) 85 °C
Glycerol Starch: MCC (8:2) 85°C 60°C/24h 14.9 n/a 3.6 n/a [30]
0.2 mL/g
0.105 g Glycerol/0.3g |Starch: SNC (w/w 95°C RT 6.4 400 n/a 16.7 9 [18]
Starch 0.3:0.003)
Glycerol: Starch (1:4, |Starch: Antioxidant 85°C 45°C/4h | PExBIO: 6.6 | PExBIO: 687 | n/a |PExBIO: 5.2 | PExBIO: 0.032 | [19]
wW/w) (3:0.04) PEXIND: 9.1 | PEXIND: 901 PEXIND: 3.5 | PEXIND: 0.029

n/a: not analyzed as experiment design
MCC: Microcrystalline Cellulose
CNC: Cellulose Nanocrystal

SNC: Starch Nanocrystal

RT: room temperature
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2.2.2. Chitosan

Chitosan is a deacylated derivative of chitin, which is a common structural material in
animals and fungi kingdoms [24]. Chitosan can form complexes with certain metal ions,
potentially enhancing or prolonging its antimicrobial activity. Furthermore, chitosan is soluble
in mild-acidic aqueous solution, enzymatic degradation and gel/film forming capacity, which
are beneficial to bioplastic production. Ginting et al. evaluated the role of chitosan at different
gelatinization temperatures (80 °C, 85 °C, 90 °C), to overcome the fragileness of starch-based
biofilm [5]. Results indicate that starch: chitosan (7:3, w/w) and gelatinization temperature at
90 °C, would reinforce biofilm through significantly increasing tensile strength and Elastic
modulus index versus starch: chitosan (9:1) (Table 2). It has been reported that chitosan
increases the compactness and bonding to starch as temperature raising [14] and consequently
tensile strength of bioplastic is firmly empowered. However, Elongation at break favors lower
temperatures and lower chitosan quantity [5]. Therefore, there is a tradeoff between
mechanical properties and elongation at break as supplementing chitosan during bioplastic
casting.

Further study generating biofilm with avocado seed starch: chitosan (7:3, w/w) and
ethylene glycol serving as plasticizer [7]. Results showed that both tensile strength and elastic
modulus are boosted dramatically as compared to the same amount of glycerol 20% (Table 2).
However, elongation at break percentage is notably reduced. This finding indicates that
ethylene glycol enhances mechanical properties more effectively than glycerol under the same
conditions. Any innovation enhancing elongation rate would make ethylene glycol most
beneficial to bioplastic plasticizer. In contrast, Fathurohman et al. switch the level starch
(minority) and increase chitosan ratio (majority), creating a biofilm with fast-degraded (Table
2) [11]. Nevertheless, there is no clear comparison about biofilm properties, between main
compositions as Avocado seed starch and another type of chitosan (majority). However,
economic feasibility and complexity in material preparation are critical factors in choosing
appropriate biofilm production procedures.

Some evidence showed that chitosan in larger granule size, exhibits low solubility [25],
and as a result, affects biodegradation and biofilm casting progress. Recently, Suhartini et al.
suggested a procedure generating bioplastic from nano-chitosan and avocado seed starch
(Table 2) [9]. This study pointed out the method to generate nano-chitosan (Figure 1), which
is believed to increase bioplastic stability [24]. Further tests showed that this bioplastic film
can reduce moisture loss and prolong the shelf life of strawberries by 3—4 days at room
temperature.

Starch
prep

Nano- |
chitosan prep -

Plasticizer J
prep

Biofilm prep ~

Figure 1. The combination between nano-chitosan and avocado seed derived-starch in biofilm
production. (Adopted from Suhartini et al.)
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2.2.3. Cellulose based materials

Natural cellulose fibers are environmentally friendly and have been used for many
applications such as package materials [26]. These fibers or synthetic polymers like polyvinyl
alcohol can combine with carbohydrate-based materials, creating sustainable materials [10].
Indeed, evidence shows that synthetic polyvinyl alcohol when mixed with pinto bean starch
produces a composite film, which exhibit anti-bacterial properties [27]. Moreover, some
reports also indicate that cellulose fiber can be supplemented into bioplastic casting and form
eco-friendly products [28, 29].

Alemu et al. 2022 showed that extracted cellulose fiber powder might be used to create
blend film in combination with starch derived from avocado seeds [10]. The blend consists of
starch and cellulose fiber (7:3, w/w) with 0.3 mL/g glycerol as a plasticizer (Table 2). Further
experiments indicate that this blend would increase gelatinization temperature while viscosity
and shear stress reduced, compared to starch only. This result indicates a weaker interaction
between starch and cellulose particles, leading to the lower viscosity and reduced shear stress
during processing [10]. Therefore, the addition of cellulosic particles might be considered,
depending on bioplastic purposes.

Another group pointed out that the addition of microcrystalline cellulose (MCC) during
biofilm casting may strengthen the interaction between cellulose and starch particles [30].
MCC is a type of non-fibrous cellulose form that is partially depolymerized by a given solvent
[31]. Evidence showed that MCC can reinforce bioplastic in a dose-dependent manner [32]
and its combination with starch is validated by some reports [33-35]. Sartika et al. suggests a
procedure to convert sugar palm fibers into MCC (Figure 2) [30]. Further analysis showed that
starch in combination with MCC (7:3), plus with plasticizer glycerol 0.1 mL/g creates the best
bioplastic among various conditions surveyed. Therefore, MCC could be a good additive
during Avocado seed derived-starch bioplastic casting. However, the study also indicates that
increasing the MCC content in starch-based bioplastic may reduce elongation at break.

Step 1 Step 2 Step 3 Step 4

Starch Isolation a-Cellulose extraction

* Avocado seed shredded :
water (1: 1 w/v)

¢ Filtered slurry settling 1h.
Repeat 3 times

*Dry at60°C

* Sugar fiber 50gr chopped
treated with 700mL nitric
acid 3.5% at 90°C/2h (1:14
w/v)

* Wash with water & filter

* Treated with sodium
hydroxide and sodium
sulfite 2%/ 50 °C/1h

* Wash with water & filter

* Boiled 10min with sodium
hypochlorite (3.5% 340 mL)

* Wash with water & filter

* Treated with 340mL NaOH
(17.5%) at 80 °C/30min.

* Wash with water & filter

* Bleached 10%/ 60°C/
30min

* Wash with water & filter

* a-Cellulose 58
dissolved/boiled in 120mL
HCL 2.5N/15min.

* Wash with water.

* Dry suspension at 60°C/1h
and keep in desiccator

¢ Starch: MCC ratio 7:3 (w/w)

*Dissolved MCC in
Schweizer reagent (1:10).

* Heat the solution of Starch
with water (1:10). After
10min, add glycerol

* At 70 °C, Add dissolved
MCC, heat until 85°C

¢ Mold and dry at 60°C/24h

* Keep in desiccator for
further analysis

Figure 2. Starch and microcrystalline cellulose in bioplastic production
(Adopted from Sartika ef al.)

2.2.4. Avocado Seed Starch Nanocrystal

Starch nanocrystals (SNC) are crystalline platelets obtained by selectively hydrolyzing
and removing amorphous regions of starch granules via acid hydrolysis [36, 37]. SNC exhibits
beneficial properties including biodegradability, biocompatibility, renewability, and strong
mechanical reinforcing capability, which are essential to biofilm formation. Furthermore, SNC
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would generate a scaffold that evenly diffuses forces throughout biofilm, leading to the
increase of tensile strength, decrease of water solubility [38]. Mufioz-Gimena ef al. suggest
the procedure to purify and apply avocado seed-starch nanocrystal (SNC) to starch based-
bioplastic casting [18]. Results indicated that glycerol and SNC existences particularly
produce thicker biofilm. This occurs because the film matrix becomes less dense, allowing
greater mobility of starch polymer chains. Regarding mechanical properties, increase of
glycerol/starch (15-45%) in casting composition significantly reduces elastic modulus and
tensile strength while increasing elongation at break by approximately 10-fold. By contrast,
SNC/starch (1-3%) accelerates the biofilm mechanical properties. Further analysis indicates
that glycerol/starch (35%) combined with SNC/starch 1% is the best condition, maintaining
low water vapor permeability while disintegrating within 48 h lab-scale composting. These
results affirm that the combination of SNC with glycerol could be an effective strategy for
reinforcing biofilms.

2.2.5. Antioxidant extracts

The key mission of food biofilm is to extend the shelf life of food and slow down the
oxidation reaction. To attain that, natural antioxidants are good additives to bioplastic
production since their safety and no side effects [18, 39]. Grisales-Mejia et al. employs the
antioxidants from its own avocado peel (epicarp) during bioplastic casting (Table 2) [19].
Either by subcritical water extraction (PEXIND) or biorefinery process (PExBIO) significantly
increases water solubility of bioplastics as compared to control group (without antioxidants).
This result indicates an increased tendency of bioplastics to dissolve in water. In contrast, the
additions of CaCl, or cellulose nanofibers are reported to decrease water solubility [12, 40].
However, the higher water solubility also allows biofilm disintegration to occur faster and
avoid negative impact on ecosystems. Further analysis indicated that biofilms with antioxidant
extracts PEXIND or PExXBIO result in higher total phenolic compounds and antioxidant
capacity versus to the control, consequently secure the shelf life of food from microbial
growth.

2.3. Avocado peel fiber-based film

Avocado peel (AP) accounts for 13% of the total dry weight and is composed of cellulose
(28%), hemicellulose (25%), and lignin (4%) [12]. These constituents would significantly
minimize the cost for input sources in bioplastic production and benefit the environment
sustainability. Ahmed et al. suggested the procedure to isolate the extract from avocado peel
(APE), which is feasible for biofilm production [12]. Briefly, Avocado peel is washed and
blended before proceeding lignin removal step (Figure 3). Next, the fiber is under whitening
step by Alkaline solution, followed by washing, drying at 50 °C overnight and blending before
swelling step. APE afterwards, goes through dissolution and crosslinking steps. APE is poured
into the tray, coagulated with 500 mL ethanol, gently agitated and immersed in distilled water
and 5% glycerol, respectively for 5 min. The film is dried at 28 °C for 24 h before
characterization. This protocol proved that 0.3g CaCl, addition during bioplastic film
processing plays an important role in cross-linking between polymer chains and reducing
water solubility of biofilm by minimizing the interaction between hydroxyl group in biofilm
to water molecules and therefore, CaCl, can slower moisture absorption and increase biofilm
stability. Moreover, tensile strength is intensified once 0.3 g CaCl, is added during crosslinking
step even higher than that of conventional polyethylene film (up to five-fold, however,
clongation at break was significantly reduced. These features suggest APE is an ideal source
for bioplastic film production. However, 0.3 g CaCl, supplement would dramatically reduce
elongation at break. Therefore, it is necessary to test more conditions to extend the elongation
at-break rate, to make this bioplastic film more beneficial.
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3. BIODEGRADATION CAPACITY

Bioplastics are degraded by soil microorganisms, which consider biopolymers such as
starch or chitosan as carbon and energy sources [41, 42]. The degradation of bioplastics,
therefore, occurs faster than regular synthetic polymers. Currently, there is no evidence testing
bioplastic degradation made by avocado seed starch. However, Fathurhoman et al. have
evaluated the bioplastic degradation in the soil, made of chitosan (majority) and containing a
small proportion of avocado seed starch and plasticized with sorbitol (Table 2) [11]. This study
mainly examines the role of Avocado seed derived starch in bioplastic degradation. Bioplastic
weights are examined every 2 days after cleaning and drying. Results showed that within 12
days of survey, bioplastics degrades approximately 76% of weight. Furthermore, the study also
found that avocado seed derived starch significantly promotes the degradation of bioplastic,
evidenced by the value slope of weight. This result suggests that avocado seed derived starch
not only provides renewable material for bioplastic production but also accelerates the
bioplastic degradation in soil.

Acid acetic :

Ligni 1 Hydrogen Peroxide
Ignin remova
‘ (70:30)

Washed Blended . .
> » | AP: Acid hydrolysis

Dryat  Sieved60 | solution (1:12w/v) | 95°C/ overnight
50°C/24h mesh size

Avocado Peel ‘ Whitening fiber
(AP) AP: Alkaline solution » Wash & Dry
(1:12 w/v), RT/3h at 50°C, Overnight

Blended | Sieved 60
mesh size

Avocado Peel Extract

(APE)
Regenerate 0.3g CaCl2 6mL ‘ Swelling step
Dry at « Biofilmby |[_ 20MZnCl2 | [ 45 APE +1.6mL DW.
0 500mL < N 0
il Ethanol 85°C/5min 85°C/15min e
‘ Crosslinking Dissolution
Characterization

Figure 3. Procedure to generate bioplastic film from Avocado peel
(Adopted from Ahmed et al.)

Similarly, bioplastic films derived from avocado seed starch, with and without
antioxidant supplements, demonstrated rapid biodegradation [19]. Bioplastic films are less
disintegrated in antioxidant supplemented group as compared to the control film at day 4 and
day 8. The slow disintegration might be explained that phenolic compounds in antioxidants
supplemented, might partly limit the decomposition of bioplastic film. However, the difference
in biodegradation between groups became negligible by day 12. Therefore, the supplement of
antioxidants during biofilms casting is only resistant to the integration at short period of time
(below 12 days of survey) while significantly improving bioplastic mechanical properties and
serving as anti-bacterial growth in food biofilm.

In the other type of bioplastic derived from avocado peel, Ahmed et al. evaluated the
biofilm in the moisture soil 20% for over 28 days of survey [12] and results showed that this
type of biofilm possesses disintegration beyond 77% for 28 days and half-time life about 3-5
days. This result is an incentive for bioplastic film production and incredible versus synthetic
plastics. Nevertheless, the addition of Ca*" to the materials would reduce disintegration while
increasing the half-time life of biofilm. These encouraging disintegration rates are incredible
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compared to the other starch derived-bioplastics degradation tested, which range from 29.5 to
79% [29]. Therefore, the utilization of avocado waste can significantly contribute to solving
persistent environmental issues related to plastic waste.

Avocado
waste derived ‘ 12-30 days
bioplastics
CTP
Train ticket ‘ 2 weeks

Orange B R ‘ 6 months
Peel \ ﬁ
Milk @ ) 5 years

Carton

b A w D)) 10-20 years
bags
Pasticborne (g ) 450 years

Figure 4. The process of bioplastic decomposition in comparison to conventional plastics.

Decomposition process

4. CONCLUSION

The potential of avocado waste in bioplastic production is extremely high and
significantly reduces the negative environmental impact of avocado related food industry. The
main sources to produce bioplastics from avocado are the seed and peel, which contain the
ingredients such as fiber and starch necessary to form biofilms. Different strains of avocado
and different methods might result in different yields of starch extraction. However, recent
evidence suggests that higher levels of amylose in starch material input would be preferable.
The biofilm from both avocado seed and peel exhibits the essential properties of biofilm such
as high tensile strength and elastic modulus and elongation at break. Furthermore, the addition
of plasticizers plays an important role in biofilm viscosity and flexibility. Additives such as
chitosan, cellulose based materials, starch nanocrystal, antioxidants and CaCl, are surveyed,
and each additive contributes distinct improvements in biofilm properties. These findings are
premises for mini-scale bioplastic production and innovation to combine and optimize these
additives are necessary. Balancing elongation and mechanical properties remain challenging
during biofilm casting, however, the involvements of nanofillers including nano-chitosan,
MCC or SNC could be a good choice for advancing biofilm quality. Moreover, the addition
of antioxidants during biofilm casting would be an advanced step to maintain food moisture,
preventing microorganism growth and extending the food life longer. Regarding
biodegradation, bioplastics derived from avocado waste exhibit rapid disintegration compared
to other conventional plastics in landfill condition (Figure 4). These pieces of evidence
demonstrate the potential of avocado waste as a replacement for conventional plastics. Future
research should focus on scaling up these processes to commercial levels and evaluating their
techno-economic feasibility. Once large-scale production is standardized, avocado waste-
derived biodegradable plastic will be present in every sector of our lives, and the negative
environmental impact of conventional plastics could be significantly mitigated. To reach that
goal, there is still a long way to go in research and development (R&D) and in campaigns
aimed at changing plastic consumption habits.

332



Current bioplastic film productions derived from avocado (Persea americana Mill.) waste...

10.

11.

12.

REFERENCES

Xu Q., Zhang T., Niu Y.Q., Mukherjee S., Abou-Elwafa S.F., Nguyen N.S.H., Aboud
N.M.A, Wang YK., PuM.J., Zhang Y.R., Tran H.T., Almazroui M., Hooda P.S., Bolan
N.S., Rinklebe J., Shaheen S.M. - A comprehensive review on agricultural waste
utilization through sustainable conversion techniques, with a focus on the additives
effect on the fate of phosphorus and toxic elements during composting process,
Science of The Total Environment 942 (2024) 173567.
https://doi.org/10.1016/j.scitotenv.2024.173567

Baranwal J., Barse B., Fais A., Delogu G.L., Kumar A. - Biopolymer: A Sustainable
Material for Food and Medical Applications, Polymers (Basel) 14 (2022) 983.
https://doi.org/10.3390/polym14050983

Singh P., Kumar Pandey V.K., Singh R., Singh K., Dash K.K., Malik S. - Unveiling
the potential of starch-blended biodegradable polymers for substantializing eco-
friendly innovations, Journal of Agriculture and Food Research 15 (2024) 101065.
https://doi.org/10.1016/j.jafr.2024.101065

Fatima S., Khan M.R., Ahmad I., Sadiq M.B. - Recent advances in modified starch
based biodegradable food packaging: A review, Heliyon 10 (2024) e27453.
https://doi.org/10.1016/j.heliyon.2024.e27453

Ginting M.H.S., Tarigan M.F.R., Singgih A.M. - Effect of Gelatinization Temperature
and Chitosan on Mechanical Properties of Bioplastics from Avocado Seed Starch

(Persea americana Mill.) with Plasticizer Glycerol, The International Journal of
Engineering and Science 4 (2015) 36-43.

Ginting M.H.S., Hasibuan R., Lubis M., Alanjani F., Winoto F.A., Siregar R.C. -
Supply of avocado starch (Persea americana Mill.) as bioplastic material, IOP
Conference Series: Materials Science and Engineering 309 (2018) 012098.
https://doi.org/10.1088/1757-899X/309/1/012098

Ginting M.H.S., Hasibuan R., Lubis M., Alanjani F., Winoto F.A., Siregar R.C. -
Utilization of Avocado Seeds as Bioplastic Films Filler Chitosan and Ethylene Glycol
Plasticizer, Asian  Journal of Chemistry 30 (2018)  1569-1573.
https://doi.org/10.14233/ajchem.2018.21254

Jimenez R., Sandoval-Flores G., Alvarado-Reyna S., Aleman-Castillo S.E., Santiago-
Adame R., Velazquez G. - Extraction of starch from Hass avocado seeds for the
preparation of biofilms, Food Science Technology 42 (2020) 56820.
https://doi.org/10.1590/fst.56820

Suhartini, Solihat I., Foliatini, Setyawati S.R., Nurdiani, Sulistiawaty L., Khoirurrizal
M_.F. — Synthesis and characterization of nano chitosan-avocado seed starch as edible
films, Jurnal Kimia Riset 8 (2023) 49-58. https://doi.org/10.20473/jkr.v811.43394

Alemu N., Balakrishnan S., Debtera B. - Extraction and Characterisation of Avocado
Seed Starch, and Its Blend with Enset Cellulosic, Advances in Materials Science and
Engineering 2022 (2022) 9908295. https://doi.org/10.1155/2022/9908295

Fathurohman V., Alisaputra D., Sedyadi E. - The Effect of Addition of Avocado Fruit
Seeds on Bioplastic Biodegradation, Proceeding International Conference Science and
Engineering 3 (2020) 137-145. https://doi.org/10.14421/icse.v3.547

Ahmed S., Janaswamy S. - Strong and biodegradable films from avocado peel fiber,
Industrial Crops and Products 201 (2023) 116926.
https://doi.org/10.1016/j.indcrop.2023.116926

333


https://doi.org/10.1016/j.scitotenv.2024.173567
https://doi.org/10.3390/polym14050983
https://doi.org/10.1016/j.jafr.2024.101065
https://doi.org/10.1016/j.heliyon.2024.e27453
https://doi.org/10.1088/1757-899X/309/1/012098
https://doi.org/10.14233/ajchem.2018.21254
https://doi.org/10.1590/fst.56820
https://doi.org/10.20473/jkr.v8i1.43394
https://doi.org/10.1155/2022/9908295
https://doi.org/10.14421/icse.v3.547
https://doi.org/10.1016/j.indcrop.2023.116926

Truong Thi Dieu Hien, Tran Thi Ngoc Mai, Nguyen Thi Tra Mi

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Tesfaye T., Johakimu J.K., Chavan R.B., Sithole B., Ramjugernath D. - Valorisation
of mango seed via extraction of starch: preliminary techno-economic analysis, Clean
Technol Environ Policy 20 (2018) 81-94. https://doi.org/ 10.1007/s10098-017-1457-3

Bourtoom T. - Plasticizer Effect on the Properties of Biodegradable Blend Film from Rice
Starch-Chitosan, Songklanakarin Journal of Science Technology 30 (2008) 149-165.

Tan S.X., Andriyana A.,Ong H.C.,Lim S., Pang Y.L.,,Ngoh G.C. - A
Comprehensive Review on the Emerging Roles of Nanofillers and Plasticizers
towards Sustainable Starch-Based Bioplastic Fabrication, Polymers (Basel) 14 (2022)
:664. https://doi.org/10.3390/polym14040664

Tesfaye T., Ayele M., Ferede E., Gibril M., Kong F., Sithole B. - A techno-economic
feasibility of a process for extraction of starch from waste avocado seeds, Clean
Technologies and Environmental Policy 23 (2021) 581-595.
https://doi.org/10.1007/s10098-020-01981-1

Gabriel A.A., Solikhah A.F., Rahmawati A.Y. - Tensile Strength and Elongation
Testing for Starch-Based Bioplastics using Melt Intercalation Method: A Review,
Journal  of  Physics: Conference Series 1858  (2021) 012028.
https://doi.org/10.1088/1742-6596/1858/1/012028

Munoz-Gimena P.F., Aragéon-Gutierrez A., Blazquez-Blazquez E., Arrieta M.P.,
Rodriguez G., Peponi L., Lopez D. - Avocado Seed Starch-Based Films Reinforced
with Starch Nanocrystals, Polymers 16 (2024) 2868.
https://doi.org/10.3390/polym16202868

Grisales-Mejia J.F., Martinez-Correa H.A., Andrade-Mahecha M.M. - Biodegradable
and antioxidant films with barrier properties to visible and ultraviolet light using Hass
avocado (Persea americana Mill.) by-products, Food and Bioproducts Processing 148
(2024) 154-164. https://doi.org/10.1016/j.fbp.2024.09.001

Alonso-Gonzalez M., Felix M., Romero A. - Development of rice bran-based
bioplastics via injection molding: Influence of particle size and glycerol ratio,
Resources, Conservation and Recycling Volume 208 (2024) 107713.
https://doi.org/10.1016/j.resconrec.2024.107713

Tarique J., Sapuan S.M., Khalina J. - Effect of Glycerol Plasticizer Loading on the
Physical, Mechanical, Thermal, and Barrier Properties of Arrowroot (Maranta
Arundinacea) Starch Biopolymers, Scientific Reports 11 (2021) 13900.
https://doi.org/10.1038/s41598-021-93094-y

Domene-Lopez D., Garcia-Quesada J.C., Martin-Gullon 1., Montalban M.G. -
Influence of Starch Composition and Molecular Weight on Physicochemical
Properties of  Biodegradable  Films, Polymers 11  (2019) 1084.
https://doi.org/10.3390/polym11071084

Guo A., LiJ, Li F.,, Xu J. - Comparison of Single/Compound Plasticizer to Prepare
Thermoplastic Starch in Starch-Based Packaging Composites, Medziagotyra 25
(2019)183—189. https://doi.org/10.5755/j01.ms.25.2.19143

Priyadarshi R., Rhim J.W. - Chitosan-based biodegradable functional films for food
packaging applications, Innovative Food Science & Emerging Technologies 62 (2020)
102346. https://doi.org/10.1016/].ifset.2020.102346

Kankariya Y., Chatterjee B. - Biomedical Application of Chitosan and Chitosan

Derivatives: A Comprehensive Review, Current Pharmaceutical Design 29 (2023)
1311-1325. https://doi.org/ 10.2174/1381612829666230524153002

334


https://doi.org/10.3390/polym14040664
https://doi.org/10.1007/s10098-020-01981-1
https://doi.org/10.1088/1742-6596/1858/1/012028
https://doi.org/10.3390/polym16202868
https://doi.org/10.1016/j.fbp.2024.09.001
https://doi.org/10.1016/j.resconrec.2024.107713
https://doi.org/10.1038/s41598-021-93094-y
https://doi.org/10.3390/polym11071084
https://doi.org/10.5755/j01.ms.25.2.19143
https://doi.org/10.1016/j.ifset.2020.102346

Current bioplastic film productions derived from avocado (Persea americana Mill.) waste...

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Koczan Z., Pasztory Z. - Overview of Natural Fiber-Based Packaging Materials, Journal
of Natural Fibers 21 (2024) 2301364. https://doi.org/10.1080/15440478.2023.2301364

Khazaei A., Nateghi L., Zand N., Oromiehie A., Garavand F. - Evaluation of physical,
mechanical and anti-bacterial properties of pinto bean starch-polyvinyl alcohol
biodegradable films reinforced with cinnamon essential oil, Polymers 13 (2021) 2778.
https://doi.org/10.3390/polym13162778

Pongsuwan C., Boonsuk P., Sermwittayawong D., Aiemcharoen P., Mayakun
J., Kaewtatip K. - Banana inflorescence waste fiber: An effective filler for starch-
based Dbioplastics, Industrial Crops and Products 180 (2022) 114731.
https://doi.org/10.1016/j.indcrop.2022.114731

Shafqat A., Al-Zaqri N., Tahir A., Alsalme A. - Synthesis and characterization of
starch based bioplatics using varying plant-based ingredients, plasticizers and natural
fillers, Saudi Journal of Biological Sciences 28 (2021) 1739-1749.
https://doi.org/10.1016/j.sjbs.2020.12.015

Sartika M., Lubis M., Harahap M.B., Afrida E., Ginting M.H.S. - Production of
Bioplastic from Avocado Seed Starch as Matrix and Microcrystalline Cellulose from
Sugar Palm Fibers with Schweizer's Reagent as Solvent, Asian Journal of Chemistry
30 (2018) 1051-1056. https://doi.org/10.14233/ajchem.2018.21155

Thoorens G., Krier F., Leclercq B., Carlin B., Evrard B. - Microcrystalline cellulose,
a direct compression binder in a quality by design environment—A review,
International Journal of Pharmaceutics 473 (2014) 64-72.
https://doi.org/10.1016/j.ijpharm.2014.06.055

Othman N.A., Adam F., Yasin N.H.M. - Reinforced bioplastic film at different
microcrystalline cellulose concentration, Materials Today Proceedings 41(2021) 77-
82. https://doi.org/10.1016/j.matpr.2020.11.1010

Thman S.H., Majd N.A., Tawakkal [.S.M.A., Basha R.K, Nordin N., Shapii R.A. -
Tapioca starch films reinforced with microcrystalline cellulose for potential food
packaging application, Food Science and Technology 39 (2019) 605-612.
https://doi.org/10.1590/fst.36017

Wittaya T. Microcomposites of rice starch film reinforced with microcrystalline cellulose
from palm pressed fiber, International Food Research Journal 16 (2009) 493-500.

Khalil H.P.S.A.,,Lai TK., Tye Y.Y., Paridah M.T., Fazita M.R.N., Azniwati
A.A., Dungani R., Rizal S. - Preparation and Characterization of Microcrystalline
Cellulose from Sacred Bali Bamboo as Reinforcing Filler in Seaweed-based
Composite Film, Fibers and Polymers 19 (2018), 423434,
https://doi.org/10.1007/s12221-018-7672-7

Wei B.X.,Sun B.H., Zhang B.,Long J.,Chen L., Tian Y.Q. - Synthesis,
characterization and hydrophobicity of silylated starch nanocrystal, Carbohydrate
Polymers 136 (2016) 1203-1208. https://doi.org/10.1016/j.carbpol.2015.10.025
Marta H., Rizki D.I., Mardawati E., Djali M., Mohammad M., Cahyana Y. - Starch
Nanoparticles: Preparation, Properties and Applications, Polymers (Basel) 15 (2023)
1167. https://doi.org/10.3390/polym15051167

Yang F., Wei Y.J., Xiao H.X., Zhang Q., Li J.T., Lin Q.L., Zhu D.K., Huang Z.Y., Liu
G.Q. - Acetylated rice starch nanocrystals improved the physical, mechanical, and
structural properties of native rice starch-based films, International Journal of
Biological Macromolecules 253 (2023) 127271.
https://doi.org/10.1016/j.ijbiomac.2023.127271

335


https://doi.org/10.1080/15440478.2023.2301364
https://doi.org/10.3390/polym13162778
https://doi.org/10.1016/j.indcrop.2022.114731
https://doi.org/10.1016/j.sjbs.2020.12.015
https://doi.org/10.14233/ajchem.2018.21155
https://doi.org/10.1016/j.ijpharm.2014.06.055
https://doi.org/10.1016/j.matpr.2020.11.1010
https://doi.org/10.1590/fst.36017
https://doi.org/10.1007/s12221-018-7672-7
https://doi.org/10.1016/j.carbpol.2015.10.025
https://doi.org/10.3390/polym15051167
https://doi.org/10.1016/j.ijbiomac.2023.127271

Truong Thi Dieu Hien, Tran Thi Ngoc Mai, Nguyen Thi Tra Mi

39. Lisdayana N., Rajabiah R.R., Mahendra [.D., Probowati B.D. - Biodegradable plastics
with natural antioxidant: A Review, IOP Conference Series: Earth and Environmental
Science 1358 (2024) 012016. https://doi.org/10.1088/1755-1315/1358/1/012016

40. Pelissari F.M., Andrade-Mahecha M.M., Sobral PJ. do A., Menegalli F.C. -
Nanocomposites based on banana starch reinforced with cellulose nanofibers isolated
from banana peels, Journal Colloid Interface Science 505 (2017) 154-167.
https://doi.org/10.1016/j.jcis.2017.05.106

41. Liwarska-Bizukojc E. - Effect of bioplastics on soil environment: A review, Science of the
Total Environment 795 (2021) 148889. https://doi.org/10.1016/j.scitotenv.2021.148889

42. Ahsan W.A., Hussain A., Lin C., Nguyen M.K. - Biodegradation of Different Types
of Bioplastics through Composting - A Recent Trend in Green Recycling, Catalysts 13
(2023) 294. https://doi.org/10.3390/catal 13020294

TOM TAT

CAP NHAT NHUNG NGHIEN CUU HIEN TAI VE QUA TRINH SAN XUAT MANG
SINH HOC TU CHAT THAI QUA BO (Persea americana Mill.)

Trwong Thi Diéu Hién'*, Tran Thi Ngoc Mai', Nguyén Thi Tra Mi?
"Trwong Pai hoc Cong Thirong Thanh phé Ho Chi Minh
’Truong Cao dang Nghé Thanh phé Ho Chi Minh
“Email: hienttd@huit.edu.vn

Qua bo (Persea americana Mill.) la trai cdy y€u thich va dugc st dung héng ngay tai Viét
Nam. Tuy nhién v6i nhu ciu sir dung 16n, luong chit thai tir vo va hat bo 1a rat nhiéu, dong
gop dang ké vao rac thai dan sinh va cong nghiép. Nhiéu nghién ctru chi ra rang, san pham
phu tir qua bo chira tinh bot, cellulose va cac hop chat chdng oxy hoa, nhitng chat nay rat can
thiét cho qua trinh tao mang sinh hoc (biofilm). Nhiéu nghién cru da dugc thuce hién dé tim ra
phuong phap chiét xuat tinh bot tir hat bo va danh gia chit luong tinh bot, dung 1am nguyén
lidu dau vao san xudt mang sinh hoc, ddng thoi cic chat phu gia nhu glycerol, chitosan,
cellulose, v.v..., nham ting cudng tinh chiu luc ctia mang sinh hoc ciing dugc khao sat. Ngoai
ra, vo clia qua bo cling dugc tan dung, dé tao ra mang sinh hoc va dat dugc nhiing két qua kha
quan. Quan trong hon, két qua nghién ctru con cho thdy rang, nhimg mang sinh hoc nay tu
phén huy trong dat v6i thoi gian rat ngan (khoang 30 ngay). Trong pham vi bai viét nay, ching
t6i tong hop lai nhitng phuong phap hién nay, ding dé tach chiét tinh bot tir hat qua bo, dung
dé tao nén cac mang sinh hoc tuong ung. Thém vao do, ching tdi cling danh gia vai tro cua
cac chat phu gia thuong dung dé pha tron khi d6 khuon. Bai tong hop nay s¢ 1a tai liéu tham
khao hiru ich trong khéu quan 1y chat thai tir viéc tiéu thu qua bo va nén tang cho téi wu hoa
san xuat cong nghiép mang sinh hoc.

Tir khoéa: Tinh bot qua bo, phan huy sinh hoc, mang sinh hoc, Persea americana Mill., dac
tinh co hoc.
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