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Starch film aloe vera as an organic antimicrobial agent derived from plants has risen significantly. Due
Aloe vera to its film-forming properties, antimicrobial properties, and biochemical properties, aloe
Antimicrobial properties vera gel has been identified as one of the best biodegradable films. Aloe vera rind also
Mechanical properties contributes to the film's exceptional properties. This review article summarises and dis-
Thermal properties cusses the film formation and properties of aloe vera-based starch-based films, including
Physicochemical properties their physical, thermal, mechanical, antimicrobial, and physiochemical properties.
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coatings are particularly advantageous for microbial
contamination control on the ground because they can act as
additive carriers and release active compounds onto food

Preventing microbial and. chemical food deteri.c>rati<.)n I8 @ surfaces, where they can be used to inhibit microbial growth
constant focus of research in the fields of food engineering and 2]

science. Microbial food spoilage occurs primarily on the food's
surface [1]. According to the literature, edible films and

1. Introduction

Farmers typically used a variety of preservation techniques
to keep their plantation free of bacterial disease, fungal attack,
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Fig. 1 — Schematic representation of active and barrier function of edible films/coating.

and pests. One of the popular post-harvest treatments in
plantation is waxing. In waving treatment, certain chemicals
must be added to wax in order to prevent bacteria and mould
from breeding [3]. Morpholine and its derivatives (MAID) such
as 4-(4- aminophenyl) Morpholine, 4-(2-aminophenyl) Mor-
pholine, and Benzophenone-N-ethyl Morpholine ethers are
among the chemicals used. Morpholine was added to the EPA's
(Environmental Protection Agencies, United States of America)
master list for the Toxic Substances Control Actin 1996 (61 Fed.
Reg. 65936, 13 December 1996) and EPA-registered pesticides in
1997 (EPA inert ingredients list 03) and is classified as a volatile
organic compound (VOC) [3]. Due to a chemical compound's
water solubility, significant amounts are released into the at-
mosphere via industrial effluents, where it undergoes chemi-
cal or microbiological nitrosation, resulting in the formation of
the N-nitrosomorpholine (NMOR) and transforming it into a
carcinogenic compound. Thus, when the wax-coated fruit is
consumed directly, it has the potential to cause cancer in
consumers [3].

Synthetic fungicide treatments are also prohibited due to
their potential toxicological effects on consumers [4]. Syn-
thetic fungicides including benomyl, carbendazim, pro-
chloraz, fludioxonil, and bromuconazole 6 have been the
backbone of postharvest disease control [5]. However, because
of their carcinogenicity, teratogenicity, high and acute residual
toxicity, protracted degradation period,
contamination, and negative impacts on human health, these
fungicides have been prohibited [6]. Antimicrobial chemicals
such as silver, copper, zinc oxide, and zinc rod are used in food
packaging applications to create an antimicrobial film, but
these chemicals have some drawbacks, including toxicological
effects on human health and environmental concerns. Many
researchers are concerned about the materials and chemicals
used to coat fruits due to increase awareness of the harmful
effect of those chemicals and materials. As a result, alternative
treatments are critical to replace some of the hazardous
chemicals in treatments, particularly in edible films, by
incorporating environmentally friendly antimicrobial agents.

Edible films may also be used as edible packaging. Direct
application of antibacterial substrates to food via dipping,
dusting, or spraying has limited benefits because the active
ingredients are neutralised on contact or rapidly diffuse into
the product from the surface [2]. Thus, the use of edible films
containing antimicrobial agents has a number of advantages

environmental

over directly applying antibacterial agents to the food surface,
as edible films can be designed to retard antimicrobial diffu-
sion from the food surface [2]. In comparison to conventional
packaging, edible packaging is regarded as a sustainable and
biodegradable alternative in the active food packaging field, as
it optimises food quality. The advantages of edible packaging
include its ability to preserve food quality, extend shelf life,
reduce waste, and contribute to packaging materials' eco-
nomic efficiency [7].

The development and application of edible films is one of
the most exciting areas of food science technology due to their
versatility, ability to be made from a variety of materials, and
as carriers of various active ingredients such as antioxidants
and antimicrobial agents [8]. Edible films and coatings are thin
layers of edible materials that can act as a barrier to moisture,
gases, and solute movement in food. Due of their superior
features including as biocompatibility, edibility, and a wide
range of applications, they are excellent alternatives for
traditional wrapping materials [9]. The primary distinction
between coatings and films is that coatings are applied to
foods in liquid form, whereas films are moulded into sheets
and then utilised as wrapping materials. Edible films or coat-
ings make it easier to transport, store, and display fresh and
processed foods [10]. To formulate edible films or coatings
with functional properties, both the film-forming base mate-
rials and the bioactive ingredients must be carefully selected.
Proteins, polysaccharides, and lipids are the primary base
materials used in the manufacture of edible films and coat-
ings, and the choice of a specific material or a combination of
different materials is determined by decades of research [11].
One of the bio active component that has potential in pro-
ducing edible films and coating is aloe vera (AV). Maan et al.
[12] stated that AV gelis used in the food industries to produce
functional foods, as a natural preservative and as antimicro-
bial agent material added in edible films and coatings. Fig. 1
depicts a schematic illustration of the application in films or
coatings.

Moreover, there are two traditional approaches to devel-
oping an effective coating and film formulation: (i) the mate-
rial science approach and (ii) the application of coating
material to the fruit surface [13]. Two additional events are
included in the material science approach: (i) biopolymer to
gel conversion and (ii) gel to thin film formation [13]. These
events are interconnected, which emphasises the importance
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Fig. 2 — Cross-section of Aloe vera leaves.

of considering the application of coating material prior to
applying it to the fruit surface. The formulations must be
evaluated independently for their film thickness, solubility,
moisture content, water vapour (WVP) permeability, oxygen
barrier properties, transparency, colour, tensile strength,
elongation at break, elastic modulus, and antimicrobial
properties. It is also critical to determine the extent to which
secondary components such as plasticizers affect thermal
(gelatinization) and post—thermal (retro-gradation) events in
starch-based edible film formulations. These occurrences
are necessary for the formation of a film or coating because
they take advantage of the starch unit is intermolecular
associations-dissociations [13]. Plasticizers, water and co-
biopolymers all have a significant effect on the thermal ac-
tions (granule swelling, amylose or amylopectin chain disin-
tegration, and glass transition) of the film, demonstrating
their influence on the overall film properties [13].

Renewable resources such as starch are inexpensive,
widely available and can be used to make edible films for food
applications due to their low oxygen permeability [3]. For
example, due to its low cost and abundant supply, corn starch
(CS) has garnered exclusive attention for the production of
biodegradable films [14]. Additionally, corn starch has excel-
lent film-forming properties as a result of its high amylose
content and can thus be used in the development of films [15].
According to recent research, adding plasticizing agents and
other active ingredients to starch polymers could further
enhance their properties in water barriers. Plasticizers are
critical ingredients in the production of edible films and
coatings because they increase the versatility and toughness
of polymers [13]. Polyols (for example, glycerol and mannitol)
were previously described as the most starch-compatible
plasticizers [13]. Due to its low cost and widespread avail-
ability, the starch-based film has the potential to be used as a
food coating or packaging material due to its low oxygen
permeability. However, the addition of the antimicrobial
agent is necessary to enhance the starch film's antimicro-
bial ability and to protect the food [16]. Synthetic antimicrobial
chemicals are currently being used, but their use is restricted
due to the potential for toxicological effects on consumers. As

a result, using aloe vera as a natural antimicrobial and anti-
fungal agent is one way to avoid harmful antimicrobial agents
and chemicals. Additionally, aloe vera rind may be used as
reinforcement in starch-based films.

As a result, this review article discusses the application of
starch-based films infused with AV. The use of AV gel as an
antimicrobial agent and AV rind as a reinforcement in starch-
based films will be highlighted. This article discusses several
critical properties of starch-based films in order to investigate
the potential of starch-based films infused with aloe vera for
applications such as packaging. This article discusses the
physical, mechanical, thermal, physicochemical, and anti-
microbial properties of starch-based films infused with AV.

2. Aloe vera

Aloe vera (AV) is a tropical and subtropical plant or herb that
has been cultivated for centuries for its medicinal and thera-
peutic properties [17]. Yellow latex and clear gel (mucilage)
produced by large parenchymatic cells in the leaf are the two
major sources of liquid in AV [17]. It belongs to the Aloaceae
family and is the most well-known of the Aloe genera, which
has over 500 species and is native to Northern Africa [18]. Fig. 2
illustrates the cross-section of AV leaves. Numerous re-
searchers have discovered that AV possesses a variety of
biological activities, including anti-inflammatory, antioxi-
dant, immune modulatory, and cell growth stimulating
properties, as well as antibacterial, antiviral, and antifungal
properties [19—21].

The majority of AV gel is composed of water and the list of
composition of aloe vera is summarized in Table 1. Beside of
huge amount of water content, there is approximately 1%
contains bioactive compounds such as aloin, emodin (an-
thraquinones), flavonoids, saponin, and aloe-mannan, in
addition to a variety of amino acids and vitamins [23]. These
bioactive compounds contribute significantly to aloe gel's
antibacterial activity. As a result of the presence of these
bioactive compounds, AV is a natural organic antibacterial
agent. Additionally, the AV's outer green rind is beneficial for a
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Table 1 — Composition of Aloe vera by w/w% [22].

Composition of Aloe vera Weight by weight (w/w%)

Water 96
Dry matter 4
Organic acid 22.8
Dietary fiber 18.8
Polysaccharide 8.8
Protein 4.7
Lipid 2.7
Ashes 16.0

variety of applications. One of the applications of AV rinds is
as a source of cellulose nanofibers for the formation of AV
nanofibers films on plants [24]. AV rind has the potential to
serve as reinforcement for composites, enhancing certain
properties of the composites. For example, the addition of AV
nanofiber improved the composite's mechanical properties by
increasing the level of adhesion of the materials in the com-
posites [25].

3. Biopolymer of starch
3.1. Structure and properties of starch

The photosynthesis process initiates the formation of starch
in the plant [26]. Glucose is the most abundant mono-
saccharide and the fundamental unit of plant metabolism.
Glucose is required for photosynthesis to occur. To begin, the
plant utilises carbon dioxide from the atmosphere and con-
verts it to glucose [26]. The basic glucose molecule is used to
synthesise the starch polymers. Amylose and amylopectin are
two types of polymers found in starch [26]. Amylose is a linear
macromolecule composed of alpha-p-glucopyranose residues
connected by «-1,4-glycosidic bonds and containing between
350 and 1000 glucose units [27].

There will be linear addition of glucose units with an «-1,4-
glycosidic bond in the highly branched polymer amylopectin
(70% of the structure) [26]. The branching at « —1,6-glycosidic
bonds for every 24—30 glucose repeating units results in a
soluble molecule that is easily degraded due to the presence of
numerous endpoints for enzymes to attack [26]. There are
numerous hydroxyl groups in the starch chain, including two
secondary hydroxyl groups at the C-2 and C-3 positions of
each glucose residue, as well as one primary hydroxyl group at
C-6 when it is not linked, which makes starch a hydrophilic
material [28]. Hydrogen bonds are formed when hydroxyl
groups are present in starch chains [28]. Fig. 3 illustrates the
structure of amylose and amylopectin [26].

When starch is heated to a certain temperature, it becomes
soluble in water, causing the grains to swell and burst [29]. The
semi-crystalline structure is also lost during this process, and
the minor amylose particle begins percolating out of the
granule and forming a network. As water is compressed, this
network increases the viscosity of the mixture. This is referred
to as starch gelatinization [29]. When starch is processed, its
amylose content provides strength to the film [26].

Tharanathan [30], discovered that when amylopectin is the
predominant component of starch, the mechanical strength
of films, such as tensile stress, decreases. Due to the fact that
starch is non-toxic, biodegradable, and strong, it was used as a
biodegradable and edible film and can be used in place of
plastic polymers that can have a negative impact on the
environment and consumers. Table 2 shows the percentages
of amylose and amylopectin in various starches [29].

4. Plasticizer
4.1. Properties of plasticizer

The IUPAC (International Union of Pure and Applied Chem-
istry) Council defined a plasticizer as a polymer material that
is combined with another material, such as plastic or elas-
tomer, to increase the material's flexibility and workability
[31]. When a plasticizer is used in a film or other application, it
reduces the deformation tension, the density, the hardness,
the viscosity, and the electrostatic charge of the polymer [31].
Additionally, a plasticizer is added to the film to increase its
flexibility and decrease the second-order transition tempera-
ture, or glass transition temperature (Tg), in polymers [31].
Nowadays, plasticizers are widely used as additives in the
polymer industry and constitute a significant class of non-
volatile low molecular weight compounds [31]. Several
research using thermoplastic corn starch to develop
biopolymer films with various plasticizing agents have been
conducted [32,33]. Sun et al. [34] used corn starch and urea
plasticizer to create chitosan/zein film. The results reveal that
as the amount of urea plasticizer is increased, the mechanical
characteristics of starch biopolymers improve.

Plasticizers' ultimate purpose in the production of starch-
based films is to increase starch's flexibility by reducing the
strong intermolecular interactions between starch molecules
[35]. If starch is used exclusively to produce the starch-based
film, the film will exhibit a brittle effect with numerous sur-
face cracks, reducing the film's mechanical strength. This
issue, however, can be resolved by adding a plasticizer to the
starch in the film formulation [36]. As a result, it increases the
film's brittleness and minimises the occurrence of surface
cracks [35]. As a result, the polymeric chain's mobility in-
creases, resulting in increased film flexibility, extensibility,
and ductility [37]. Additionally, the amount and type of plas-
ticizer have a significant impact on the physical, thermal,
mechanical, and barrier properties of films [35].

4.2.  Types of plasticizers

Different types of plasticizers have varying effects on the film
properties. While preparing starch-based films, various plas-
ticizers such as glycerol, sorbitol, ascorbic acid, and citric acid
are added [36]. Glycerol is a natural plasticizer that is
frequently used in the production of starch-based films with
the primary goal of reducing the film's brittleness by reducing
intramolecular and intermolecular hydrogen bonds [38].
Additionally, because glycerol is a significant byproduct of
biodiesel production, it is used as a plasticizer in starch-based


https://doi.org/10.1016/j.jmrt.2021.08.138
https://doi.org/10.1016/j.jmrt.2021.08.138

1576

JOURNAL OF MATERIALS RESEARCH AND TECHNOLOGY 2021;15:1572-1589

(Glucose-af 1-4)-glucose)

Amylose

(Glucose-af 1-4)-glucose)

Branch point linkage
(Glucose-af 1-6)-glucose)

Amylopectin

Fig. 3 — Chemical structure of amylose and pectin [26].

films [39]. According to Ojogbo et al. [36], glycerol is the most
effective plasticizer for improving the mechanical properties
of starch-based films.

Sorbitol is another type of plasticizer that can reduce
intramolecular hydrogen bonding, resulting in increased me-
chanical strength [40]. Joseph Boussingault, a French scientist,
discovered sorbitol in the berries of mountain ash in 1872.
Sorbitol is found in a variety of plants, including apples, pears,
peaches, prunes, and berries. Chemical sweeteners may also
be created for use in sweets, cookies, pudding, and oatmeal,
among other foods and beverages [41]. According to Rahma-
wati et al. [40]; as the concentration of sorbitol increased, the
thickness of edible film increased as well. This is because the
total solid content of the edible film solution increased,
causing the film to become thicker. The film thickness is

Table 2 — The concentration amylose and amylopectin in
various starch [29].

Sources Amylose (%) Amylopectin (%)
Arrowroot 20.5 79.5
Banana 17 83

Cassava 18.6 81.4

Corn 28 72

Potato 17.8 82.2

Rice 35 65

Tapioca 16.7 83.3
Wheat 20 80

critical for packaging applications. Numerous studies have
also documented the plasticizing effect of combining various
types of plasticizers.

According to Adhikari et al. [42], when multiple plasticizers
are combined with glycerol and xylitol in a film matrix, a
strong interaction between the plasticizers occurs, enhancing
certain properties of the starch-based film. According to Kro-
gars et al. [43]; a 1:1 mixture of glycerol and sorbitol was found
to be more stable than using glycerol and sorbitol separately
as a plasticizer for producing maize starch-based films. In
fabrication of aloe vera film, plasticizer is important to
enhance the mechanical properties and to avoid formation of
crack of film. Many researchers discovered the usage of plas-
ticizer in producing films to maintain the mechanical prop-
erties. Table 3 summarized paper published of aloe vera film
with various plasticizer.

Table 3 — Paper published in Aloe vera film with various

plasticizer.

Type of plasticizer Plant parts used References

Citric acid, glycerol Commercial aloe [44]
vera powder

Glycerol Aloe vera gel [45]

Glycerol Aloe vera gel [46]

Citric acid Aloe vera gel [47]

Glycerol Aloe vera gel [48]
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5. Aloe vera rind as reinforcement in films

The AV rind is the tougher outer layer of AV leaves that con-
tains cell wall components. AV rind is typically used as a
fertiliser for plants or as a waste product. Because the AV rind
has the potential to act as a reinforcement agent, extensive
research has been conducted on the AV rind's properties as a
reinforcement agent in films. The AV rind is composed of
15 cell layers and functions as a protective agent for the AV gel
as well as a source of carbohydrates, fat, and protein [24].
Cheng et al. [24] demonstrated excellent properties in their
study using cellulose nanofibers with a diameter less than
20 nm extracted from AV rind due to the high -cellulose con-
tent of approximately (57.72% + 2.18%).

Additionally, Kakrodi et al. [25] investigated the me-
chanical, thermal, and morphological properties of nano-
composites composed of polyvinyl alcohol (PVA) and cellulose
nanofiber from AV rind. They investigate the use of AV rind as
a novel reinforcement for PVA by employing the solvent
casting method and varying the composition of the AV rind.
They observed that when a small amount of AV rind is added,
the nanocomposite's tensile modulus increases. This can be
explained by the presence of a strong hydrogen bond between
cellulose nanofibers and PVA, which results in good nanofiber
dispersion in the matrix. This aids in the transfer of greater
loads from the matrix to the reinforcement. They discovered
that adding AV rind fibre increases the thermal stability of the
nanocomposite, which can result in a higher degradation
temperature.

6. Antimicrobial agent in general

Numerous microbes cause problems and serious prob-
lems in the environment, the food and packaging indus-
tries, the health care industry, synthetic textiles, and the
manufacturing of biomedical devices [49]. The most concern
issues all around the wold is on food safety. During food safety
procedures, packaged food materials are given special atten-
tion during preparation so that no harm is made to a con-
sumer when eating the packaged food. This is still the main
source of worry in worldwide food safety practises [50]. Food
must be protected from physical, chemical, and biological
contamination throughout the production, handling, mar-
keting, and distribution processes [51]. Microorganisms come
in a variety of forms, including bacteria, viruses, fungi, and
parasites [52]. These microbes are capable of attacking and
growing on both living and non-living organisms. These fac-
tors contribute to the spread of various infectious diseases,
which claim thousands of lives each year. Thus, employing an
antimicrobial agent is critical for resolving this issue [49].
Antimicrobial agents can be used to control both the gen-
eral microflora and microbes associated with a product,
resulting in a product of higher quality and safety [53]. At the
turn of the twenty-first century, the evolution of antimicrobial
agents significantly decreased the morbidity and mortality
associated with these microorganisms [52]. As a result, the
growth of microorganisms is inhibited. Thus, incorporating

antimicrobial agents into film or packaging materials en-
hances their protective properties against food-borne micro-
organisms. Antimicrobial agents can be classified as organic
(e.g., essential oil) and inorganic (e.g., ZnO, TiO,, and Ag) based
on their chemical composition [54]. The antimicrobial activ-
ities are contributed by damage to cell membrane integrity
[55] impairment of biomolecules (e.g., DNA and protein) inside
cells [56], regulation of metabolic processes [57] and oxidative
stress [51].

6.1. Inorganic antimicrobial agents

Metal oxides play an important role as an inorganic antimi-
crobial agent that widely used in packaging materials [49].
This is because antimicrobial agents have a broad spectrum
against several pathogenic microorganisms [53]. More
research has been done using inorganic nanoparticle include
zinc oxide (ZnO), titanium dioxide (TiO,), calcium oxide (CaO)
[58], copper oxide (CuO) [59,60], iron (iii) oxide (Fe,Os) [60],
magnesium oxide (MgO) and silver zeolite [53]. Among the
many reported semiconductor nanomaterials, ZnO, an n-type
semiconductor material, has been widely researched as an
antimicro-bial agent when compared to other materials [61]. It
is biocompatible, non-toxic, and photochemically stable
among other qualities. Furthermore, the US Food and Drug
Administration has classified it as a generally recognised as
safe (GRAS) compound (21CFR182.8991) [62]. It has bactericidal
properties against a wide range of Gram-positive and Gram-
negative bacteria, including Escherichia coli, S. enteritidis,
Streptococcus pyogenes, Aeromonas hydrophila, Bacillus subtilis,
Staphylococcus aureus, L. monocytogenes, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Salmonella typhimurium, and Escher-
ichia faecalis [63].

As studied by Park et al. [64]; silver zeolite and silver-silicon
oxide (AgSiO,) are capable to inhibit bacterial growth such as
P. aeruginosa, Shewanella gaetbuli, Clostridium, Listeria mono-
cytogens except for Clostridium perfringem. Next, ZnAg is
capable in inhibiting all spotted microorganism except L.
monocytogens. This research has also shown that zinc-silver
(ZnAg) can decrease the growth rate of C. perfringem
compared to silver zeolite and AgSiO,. All these bacteria are
active for fish deterioration while in transporting freshly
harvested fish for selling purpose [64].

The TiO, is one of the non-toxic inorganic antimicrobial
agents that is suggested by the Food and Drug Administration
(FDA) used in drugs, food processing and food contacts ma-
terials. Bodaghi et al. [65] in their study revealed that several
Pseudomonas spp. declined significantly after 3 h by 4 and 1.35
log CFU/mL of ultraviolet after added into TiO, LDPE film using
a blown film extruder. MgO is one of the efficient inorganic
antimicrobial agents, very stable and biocompatible. The
properties from MgO such as high concentration alkaline and
existence of oxygen division on it, also give antibacterial
properties on it. When added with other antimicrobial agents,
they can give full destruction of pathogenic microbes [66].
From published reports, MgO can cause the cell membrane to
damage and peroxidation of lipid occurs. Hence, promoting
the crack of intracellular component, that resulting in cell
cancer death [66].
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6.2. Organic antimicrobial agents

By the action of one or more reactive sites contained in the
organic antimicrobial agent, natural antimicrobial agents and
essential oils contribute significantly to the development of
permeabilized and destabilised bacterial cell membranes [67].
Natural antimicrobial and essential oils from seafood have
been discovered to have the potential to fight microorganisms
and protect the quality of seafood [53]. Antimicrobial proper-
ties are conferred by the presence of hydrophilic functional
groups and or lipophilicity in essential oil compounds, which
are more prevalent against Gram-positive bacteria than
Gram-negative bacteria [68]. Besides, organic antimicrobial
agents are marketed as having fewer safety concerns and are
perceived as being safer [69]. Nowadays, consumers seek fresh
seafood that has not been tainted with synthetic additives to
maintain the seafood's quality. As a result, the use of organic
antimicrobial agents is a viable option, and extensive research
is being conducted on these agents and specific spoilage mi-
croorganisms. Natural compounds used as organic antimi-
crobial agents include bacteria, enzymes, and plant extracts.
Numerous researchers have investigated the use of plant ex-
tracts as organic antimicrobial agents due to the presence of
highly reactive sites such as phenolic compounds that help
plants resist microbial attack [69].

On the recent study by Thielmann et al. [70]; they found
that the potential of Litsea cubeba fruit essential oil in anti-
microbial packaging material. From their finding, citral coat-
ings had bactericidal effects against E. coli and S. aureus. They
explained L. cubeba essential oil has a distinct sensory profile
that makes it suitable for preserving a wide range of fruits and
vegetables. Furthermore, citral is a traceable molecule that
can be used in antibacterial and analytical chemistry studies.
The advantages of plants part such as leaves, flowers, seeds,
and roots benefits towards anti-allergic, antioxidant, anti-
carcinogenic, antibiotic and antibacterial properties. Accord-
ing to the research, approximately 80% of people around the
world rely on herbal medicine for health treatment due to its
efficacy [12].

6.2.1. Antimicrobial activity of aloe vera gel
AV, commonly referred to as the cactus-like plant, is a
perennial succulent belonging to the Liliaceae family that
thrives in dry and hot climates. The plant has fleshy serrated
leaves, yellow tubular flowers, and seeds-filled fruits. Each of
AV's leaves is composed of three layers: (1) contains an inner
clear gel, dubbed AV gel, that is 99 percent water and the
remainder is amino acids, glucomannans, lipids, sterols, and
vitamin; (2) the latex layer in the middle, which contains
glycosides and anthraquinones; (3) the thick outer layer of
15-20 cells called the rind, which serves as a protective layer
against AV and is responsible for protein and carbohydrate
synthesis [71]. Aloe vera gel has been used in a variety of
nanomaterials in the past, including antibacterial nonwoven
fabric [72], wound healing process [73], and antibacterial and
antioxidant edible films [74].

AV gel has been studied as a potential component of edible
films and coatings that extend the shelf life of various fruits
and vegetables in recent years. Habeeb et al. [75] discovered

that AV gel inhibited the growth of gram-positive and gram-
negative bacteria by using an AV gel inhibition zone.
Numerous constituents of AV gel contribute to its antimicro-
bial properties against a variety of microorganisms. The con-
stituents of AV are classified as follows in Table 4 [20]. Lone et
al. [76] demonstrated that the presence of anthraquinones in
AV acts as an antimicrobial agent against S. aureus and E. coli
strains by inhibiting solute transport across membranes.
Additionally, another component, emodin, has been shown
to be effective against a variety of Gram-positive and Gram-
negative bacteria. Pure aloe-emodin exhibited similar anti-
microbial activity to the juice, inhibiting the growth of Gram-
negative bacteria A. hydrophila and E. coli. Pure aloe-emodin,
on the other hand, demonstrated antibacterial activity
against Gram-positive bacteria such as B. subtilis [77].

Apart from its antibacterial properties, AV is also used as
an antifungal against a variety of fungi. According to Nidiry
et al. [78], methanol extracts of AV have the strongest anti-
fungal activity against Colletotrichum species mycelial growth.
The concentration of AV gel required to inhibit the growth of
myecelium Penicillium digitatum and Aspergillus niger has also
been studied [79]. They hypothesised that increasing the gel
concentration would inhibit mycelium growth. They discov-
ered that using 500 mL/L doses of AV gel inhibited P. digitatum
100% and A. niger 64%.

Table 4 — The component aloe vera represent in following
class [20].

Class

Compounds

Aloin/Barb-aloin, Aloe-emodin,
Emodin, Aloetic acid, Ester of
cinnamic acid, Anthranol,
Chrysophanic acid

B1, B2, B6, A-Tocopherol,
B—Carotene, Choline, Folic acid,
Ascorbic acid

Cyclo-oxygenase, Oxidase,
Amylase, Catalase, Lipase
Cholesterol, Steroids,
Tricylglycerides, B — Sitosterol,
Lignins, Uric Acid, Gibberellin,
Lectin like substances, Salicylic
Acid, Arachidonic Acid
Mannose, Glucose, .-Rhamnose,
Aldo-pentose

Cellulose, acetylated mannan,
Arabinogalactan, Xylan, Pure
mannan, pectic substance,
glucomannan, Glucogalc-
tomannan, Galactan

Calcium, Sodium, Chlorine,
Manganese, Zinc, Chromium,
Copper, Magnesium, Iron
Histidine, Arginine,
Hydroxyproline, Aspartic Acid,
Glutamic acid, Proline, Glycine,
Alanine

Lysine, Threonine, Valine, Leucine,
Iso-leucine, Phenyl- alanine,
Methionine

Anthraquinones

Vitamins

Enzymes

Miscellaneous

Saccharides

Carbohydrates

Inorganic Compounds

Non-essential Amino acids

Essential Amino acids
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7. Extraction method of Aloe vera
7.1. Aloe vera gel preparation

Numerous researchers have discovered the benefits of AV gel
as an excellent component in film formulation over the last
few years due to its properties. There are numerous works of
literature on the preparation of AV gel from previous studies.
Pinzon et al. [74] investigated the effect of AV gel incorpora-
tion on the physical, chemical, and mechanical properties of
edible banana starch-chitosan films. They prepare the AV gel
by thoroughly cleaning the AV leaves to remove dirt and soil.
They rinsed the AV leaves with tap water, then dried them
with a paper towel. Following that, the green outer skin leaves
were scraped away with a knife, and the AV gel, or AV pa-
renchyma, was extracted. The AV gel was washed with
distilled water heated to 40 °C, dried with paper towels, and
blended for approximately 3 min. Finally, AV gel was filtered
in a vacuum using cheesecloth to remove solid residues from
cell walls.

Sui Chin et al. [80] conducted additional research to
determine the effect of AV gel on the physical and functional
properties of fish gelatine films used as active packaging. In
their study, the method for preparing the AV gel extract
began with cleaning the AV leaves with tap water and then
rinsing them with distilled water to remove any soil from the
leaves' surface. To obtain the gel, the AV rind was separated.
After that, the gel was cleaned with tap water. Following that,
AV gel was scraped from the flesh using a sterilised spatula.
Spatulas must be sterilised to prevent contamination from
affecting the outcome. To maintain the extracted AV gel's
properties and bioactive compounds, it was refrigerated
below 5 °C.

Apart from using tap water and distilled water to wash the
AV leaves, Shweta et al. [81] used a mild chlorine solution of
approximately 25% in their study. They investigated the use of
biodegradable AV gel to prevent post-harvest decay and
extend grapes' shelf life. The AV gel was separated from the
leaf's outer cortex and the colourless hydroparenchyma was
ground in a blender. This grinding process aids in the
extraction of fibres and fresh AV gel. The Aloe gel matrix was
pasteurised for approximately 45 min at a temperature of
70 °C. The gel was cooled to stabilise it, and ascorbic and citric
acids were added to the formulation to immediately control
the pH. To avoid oxidation of the stabilised AV gel, it was
stored in a brown Amber bottle.

Purwanti et al. [82] followed the same procedure as previ-
ous researchers for AV gel extraction. They used freshly
washed AV leaves. The pulp or gel was filleted and then
washed with water before being pulverised for 10 s at
maximum speed in a blender. The pulp was then accommo-
dated at a speed of 10,000 revolutions per minute for
approximately 30 min at a temperature of 5 °C. Filtration fol-
lowed by pasteurisation at 70—75 °C for approximately 15 min
while ascorbic acid and citric acid were added to the homo-
genised pulp. They investigated the synthesis and character-
ization of edible films based on AV and incorporating shellac
resin and hydrocolloids.

In their study, Razali et al. [83] used AV gel to coat fruits and
vegetables with cinnamon oil. The AV leaves were cleaned
with distilled water and approximately 2% (v/v) sodium hy-
pochlorite was added (NaClO). Sodium hypochlorite was
added to the solution to remove the contaminant from the AV
leaves' surface. The AV gel was then separated from the
leaves' outer cortex. The colourless hydroparenchyma or AV
was then homogenised at an optimal speed in a blender. After
that, the AV gel was sieved to remove any remaining com-
ponents of fresh AV gel and unwanted fibres.

7.2. Soxhlet extraction method

Numerous researchers have investigated numerous methods
for extracting AV leaves and gel in the modern era. Soxhlet
extraction is a popular technique. This method is advanta-
geous for preparative purposes, as it concentrates the analyte
from the matrix in its entirety or separates it from interfering
substances [84]. According to Nafiu et al. [85]; soxhlet extrac-
tion is necessary only when the desired compound has a low
solubility in the solvent and the impurity is insoluble in the
solvent. When a desired compound is highly soluble in a sol-
vent, it is separated from an insoluble substance using simple
filtration [85]. Recently, Mohan Raj et al. [86] studied on drug
loaded chitosan and aloe vera nanocomposite on titanium for
orthopaedic application. In their research, they extracted AV
leaves by soxhlet extraction process. in their work, they Plant
leaves more than three years were decontaminated with 3%
hypochlorite before the extraction procedure started. The
rinsed gel was placed in a thimble after cutting the rind with a
scalpel. The ethanolic Soxhlet extraction process was used to
extract the aloe vera gel, which lasted 48 h at 80 °C. The sol-
vent was then evaporated at 37 °C to get powder.

Saniasiava et al. [87] extracted AV leaves using soxhlet
extraction to determine the antifungal activity of Malaysian
AV leaf extract against selected fungal species. Two sol-
vents were used: aqueous and 70% ethanol. After filling the
soxhlet thimble with the dried powder AV as shown in
Fig. 4(a), it was inserted into the soxhlet main chamber and
sealed. About 70% ethanol was inserted into the main
chamber of the soxhlet apparatus and attached to the
soxhlet apparatus as illustrated in Fig. 4(b). The apparatus
was then heated until the main chamber was completely
filled with solvent. After condensing and dripping down,
the solvent vapour is released into a chamber containing
AV leaf extract. Following that, 70% ethanol was evaporated
from the AV leaf extract using a rotary evaporator at 30 °C
and concentrated to 50 ml before being freeze-dried. Then,
the freeze-dried AV powder was kept in a refrigerator to
preserve the critical compound. They used a similar
method for extraction in aqueous solution, using 70%
distilled water as a solvent. Finally, Candida albicans and A.
niger, both from otomycosis, were employed in this inves-
tigation and were obtained from the Microbiology Labora-
tory of the School of Medical Sciences, Universiti Sains
Malaysia. On Sabouraud dextrose agar (SDA) plates, A. niger
and C. albicans were cultivated as shown in Fig. 4(c).

Following that, Yuharmon et al. [88] demonstrated that AV
gel was extracted using soxhlet extraction. They used
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Fig. 4 — a) Oven dry of AV leaves, b) Soxhlet extraction method, c) Candida albicans and Aspergillus niger SDA method [87].

scanning electron microscopy to apply an electrolyte to a
soxhlet extracted AV gel (SEM). They filled the soxhlet thimble
with AV gel. They used hexane and ethanol as solvents. These
solvents were combined in a specific ratio to isolate the
various bioactive compounds extracted. To begin, the solvent
was added to the flask with a round bottom. The solvent was
heated with a heating mantle to its boiling point and then
refluxed for approximately 4 h. After that, the extraction was
completed, and the extracted gel and gel residue were sepa-
rated. The subsequent process was carried out in extracted gel
using a rotary evaporator to form gel, while the gel residue
was dried for 2 h at 65 °C to obtain cellulose.

7.3.  Aloe leaf gel powder by freeze-dry method

Consumers receive numerous benefits from AV gel, including
its therapeutic potential as an antidiabetic, antioxidant, anti-
inflammatory, anti-ulcer, and moisturising agent [89]. How-
ever, when AV gel comes into contact with a thermal process,
it alters the chemical structure of the gel, resulting in thermal
damage and denaturation [90]. Another technique for pre-
serving the psycho-chemical properties of AV gel is freeze
drying. Freeze drying is another method for dehydrating fresh
AV gel to create a foam-like surface. Fig. 5 illustrates the AV
foam after it has been freeze-dried. Freeze drying is a method
that has been used consistently because it preserves the
product's physical and chemical properties such as colour,
vitamins, antioxidant content, and other sensory properties
such as its original aroma and flavour [91].

Chen et al. [11] used freeze-dried aloe leaf gel powder
and gelatine to create an edible antimicrobial aloe/gelatine

Fig. 5 — Aloe vera freeze dried form.

composite film. In their experiment, they kept the AV pow-
der formed by the AV gel frozen at —80 °C. The frozen aloe
leaf gel was then freeze-dried at —45 °C in a pressure range of
200—1000 mTorr using a Lyolab ST3B; Lyophilization System
Inc., New Paltz, NY, USA. Aloe vera powder was ground with a
blender made from freeze-dried aloe leaf gel and then
screened (60 mesh). The powder should be stored in a freezer
at —20 °C until used. Silva et al. [92] conducted research on
the biomedical applications of AV sponges. To create a thin
layer of materials, moulded AV gel was combined with gellan
gum. Rinse the solution with phosphate buffer solution
(PBS). After stabilising the solution at 60 °C for 15—20 min and
4 for 5 min, it was overnight frozen at 80 °C and freeze-dried
for 3 days.


https://doi.org/10.1016/j.jmrt.2021.08.138
https://doi.org/10.1016/j.jmrt.2021.08.138

JOURNAL OF MATERIALS RESEARCH AND TECHNOLOGY 2021;15:1572-1589

1581

Chakaraborty et al. [93] developed statistical model equa-
tions for predicting moisture content (MC), yield (y), and
wettability (w) as a function of process parameters in an IR
assisted vacuum. They reported that the physicochemical
properties of freeze-dried aloe vera samples under optimal
conditions are superior to those of fresh aloe vera samples
dried conventionally.

8. Aloe vera starch-based film obtained by
casting

Numerous researchers investigated the potential of films
made from native starches derived from a variety of sources,
as well as starches that have been chemically or physically
modified to form a variety of applications. The formulation of
films is critical because it enables tailoring of these materials'
barrier and mechanical properties [94]. As a result, the effi-
ciency of food coating and packaging is increased. The
microstructure of films and the interaction of their constitu-
ents provide insight into both fundamental properties of
materials science and practical technology for future appli-
cations [94]. Prior to mixing the formulation, the matrix,
plasticizer, or other materials such as antimicrobial agent
must be well-formulated. This is critical for producing a high-
quality film. Plasticizers such as glycerol, sorbitol, citric acid,
and ascorbic acid are added to the film formulation to prevent
the film from cracking and becoming brittle, as well as to in-
crease the film's flexibility and extensibility. It is an organic
compound with a low molecular mass that must be compat-
ible with film-forming polymers.

The plasticizer can increase the mobility of polymer
chains and weaken intermolecular forces. Lipids and polyols,
among other oligosaccharides, are chemically compatible
with hydrocolloid [95]. Numerous researchers created films
through the process of solution casting. According to Ortega-
Toro et al. [4]; the process of creating film formulations
containing AV began with pregelatinized corn starch being
dispersed in water and mixed with various ratios of glycerol
as a plasticizer and AV gel using an appropriate ratio of AV
dry solid to starch to create six distinct formulations. The
formulations were homogenised at the optimum speed and
time using a rotor-stator homogenizer. Casting with 1.5 g of
total solid spread over a Teflon casting plate produced films.
Following that, the films were dried for approximately 72 h at
a relative humidity of 45 percent and a temperature of 20 °C.
After the films have dried completely, they can be peeled
away from the casting surface to determine the mechanical
and physical properties.

Gutiérrez & Alvarez [96] investigated the same process and
obtained a film formulation solution (FFS) by combining native
plain flour, glycerol, and distilled water. To create films,
various concentrations of AV gel were used. The solution was
then heated in a water bath at 90 °C for 30 min with constant
stirring to cause starch to gelatinize and inhibit the activity of
the enzyme isolated from AV gel. Following that, the solution
was poured into a tray using the solution casting method and
dried for 24 h at 45 °C in a Mitchell dehydrator (Model 645 159).
Kathiresan and Lasekan [97] used the solution casting method
to create films to investigate the effect of glycerol and stearic

acid on chicken starch-based coatings used on fresh-cut
papaya.

In their study, Razali et al. [83] used a solution casting
technique to prepare AV films infused with cinnamon oil for
fruit and vegetable coating. They used 18 cm diameter Teflon-
coated trays to cast the films. The solutions were cast over the
Teflon-coated baking trays by pipetting 250 mL of the
degassed film-forming solutions (pH 5.7) into the trays that
had been levelled. The trays containing the solutions were
then dried at 40 °C in an oven for 24 h prior to the test,
maintaining a constant relative humidity (RH) of 50%.
Following that, dried films were selected and peeled from the
tray to determine which films formed properly without
cracking, bubbles forming on the film surface, or holes. Fig. 6
illustrates the film solution casting process.

o. Properties enhancement of starch-based
film using Aloe vera

Biopolymers such as proteins and polysaccharides have been
used as edible films in the food industry for a long time. To
develop composite films with enhanced biological and tech-
nological functionality, more than one polymer is usually
used. All of the materials in a composite film must be
compatible with one another, and their interactions must
enhance the structure and performance of the film [10]. As
mentioned elsewhere, unlike polymers can form a variety of
covalent and non-covalent interactions (electrostatic,
hydrogen bonding, hydrophobic, and Van der Wall in-
teractions) [98]. Notably, AV gel and rind was discovered to be
compatible with a number of biopolymers used in edible
coatings and films. The AV rind and gel may act as a rein-
forcement and antimicrobial agent in starch-based films,
respectively. The AV gel contains an antimicrobial agent that
is incorporated into a starch-based film to significantly in-
crease microbial resistance, shelf life, and quality, particularly
for perishable foods [99]. Additionally, the inclusion of AV rind

Fig. 6 — Solution casting method.
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improves mechanical properties due to the fibre's high inter-
facial adhesion and dispersion. Additionally, the addition of
AV rind improves the thermal stability and density of the
composite [25]. Thus, the addition of AV rind and gel enhances
the film's physical, thermal, mechanical, antimicrobial, and
physiochemical properties. These characteristics must be
emphasised to ensure product shelf life, safety, environ-
mental friendliness, longevity, durability, and microbial
resistance.

9.1. Physical properties

9.1.1. Thickness

In terms of thickness, the addition of AV gel to starch-based
films had a noticeable effect. Pinzon et al. [74] discussed the
effect of Aloe vera gel incorporation on the physicochemical
and mechanical properties of a banana starch-chitosan edible
film in their research. The results indicated that the addition
of AV gel increased the thickness of films as the concentration
of AV gel increased. They tested five different AV gel con-
centrations ranging from 0 to 100, 200, 300, and 500 g L~* and
discovered that the film thickness increased from 59.3 + 0.2 m
to 174.5 + 1.5 m, respectively. It has been stated that the
thickness of a film is determined by its composition [71]. As a
result, it is worth noting that film thickness is also related to
the dry matter increase observed in film-forming solutions as
a function of AV gel concentration.

Additionally, Silva-Weiss et al. [100] investigated the in-
crease in film thickness caused by the crosslinking effect
caused by the addition of a phenolic compound to a starch-
chitosan blend film. Gutiérrez & Gonzdlez [101] created a
similar view using banana flour-AV edible film. They discov-
ered the polyphenolic compound's crosslinking effect on
starch molecules in AV gel. This results in more transparent,
smoother, less moist, and hydrophobic surfaces on the films.
Additionally, they demonstrated that surface energy mate-
rials defined the surface properties of these materials. It is
dependent on intermolecular interactions between plantain
flour, such as van der Waals forces (hydrogen bond) and new
bonds (crosslinking).

Gutiérrez & Alvarez [96] also investigate the thickness of
films with varying concentrations of AV gel. They observed
that as the AV gel content increased, the thickness of the film
increased. According to Gutiérrez et al. [102]; the increased
thickness of the starch film is due to increased interaction
between the starch plasticizer and hydrogen bond formation
between glycerol and starch. Additionally, they noted that
these interactions become stronger as the film's AV gel con-
tent increases. Ortega-Toro et al. [4] demonstrate in their
study that varying the concentration of AV gel has an effect on
the thickness of films. They created six distinct AV gel for-
mulations. According to their findings, the highest concen-
tration of AV results in the thickest film when compared to
other films.

In contrast to other research by Sui Chin et al. [80]; they
observed the thickness of control film and the film with 1% AV
gel were observed to have no significant different (p > 0.05).
The solid component of the film-forming fluid determines the
film thickness [103]. Aloe gel, on the other hand, is made up of
99% water and only 1% solid components [104]. With the

presence of AV gel, the peptide bond of fish gelatine may still
create a tight network. This means that the Aloe gel's com-
ponents might be spread throughout the film without
compromising its thickness [11].

9.2. Thermal properties

9.2.1. Thermogravimetric analysis (TGA)
Thermogravimetric analysis (TGA) is an analytical technique
for determining the thermal stability of materials and the
percentage of volatile components in them by monitoring the
weight changes of samples heated at a constant rate [105].
Typically, the measurement is made in air or an inert atmo-
sphere such as argon or helium. The weight is calculated as a
function of temperature increase [105]. Numerous studies
using thermogravimetric analysis have been conducted on the
thermal degradation of aloe vera starch-based films (TGA).

Bajer et al. [106] investigated the thermal stability of
starch-chitosan films and the effect of AV gel inclusion and
concentration in the polymer matrix on the thermal stability.
The maximum thermal degradation temperatures (Tmax, °C)
of starch film, starch-chitosan film, and starch-chitosan film
incorporated with 50% AV gel were determined to be 293 °C,
298 °C, and 302 °C, respectively. While the maximum rate of
decomposition of the starch film was increased by the addi-
tion of chitosan and AV gel, the temperature at which degra-
dation begins (To, °C) has already been shifted to lower
temperatures. This is explained by the fact that certain cross-
linking reactions occur between the amorphous region of
starch and the natural agents that enter the matrix. The
addition of starch and AV gel altered the thermal resistance of
starch for a variety of reasons, including their effective
contribution, intercalation, and agglomeration within the
starch matrix. They concluded that the addition of AV gel and
chitosan improves the thermal resistance of starch-based
films, thereby delaying the maximum decomposition rate
when compared to pure starch films.

Additionally, Gutiérrez & Alvarez [96] investigated the
thermal stability of plantain starch at various concentrations
of AV gel (0, 2,4 and 7%). They observed an increase in thermal
degradation resistance in films as the AV gel content
increased, as evidenced by less weight loss at the same tem-
perature. This could be because the cross-linking reactions
increase the starch's average molecular weight and form
chemical bonds between various molecules. In the third stage,
stable thermal degradation curves up to 500 °C were observed.
Weight loss was found to be less in films with a higher AV gel
content. This could be because the AV gel contains minerals
and oxidation products of aromatic rings (coal residues) of
active compounds such as polyphenols.

Nieto-Suaza et al. [48] investigated the effects of aloe vera
gel and curcumin-loaded nanoparticles on native green ba-
nana starch (NSNp) and acetylated banana starch (ASNp).
Thermal stability testing had to be performed over a wide
temperature range. The TGA curves of the banana starch-AV
gel composite films with various curcumin-loaded nano-
particles are shown in Fig. 7. Three stages of decomposition
were visible in all composite films. At 105 °C, the first stage of
decomposition occurred, which is consistent with the evap-
oration of water from the film's composite. The second stage
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Fig. 7 — TGA (A) and DTG (B) curves of banana starch-AV gel and curcumin-loaded native (cur-NSNps) and acetylated (cur-

ASNPs) composite films [48].

of decomposition occurred between 180 and 250 °C, while the
third stage occurred above 250 °C, as a result of the complex
degradation of the amylose and amylopectin polymer chains
found in starch, which included dehydration of saccharide
rings.

Additionally, they stated that the composite films exhibi-
ted three peaks at 70 °C, 201 °C, and 300 °C, which corre-
sponded to the thermal decomposition stages depicted in
Fig. 7. It is critical to emphasise that in composite films con-
taining ASNp, the second peak was observed to be more pro-
nounced than in other films. These results are possible
because the acetylated and deacetylated groups depolymerize
and decompose in the modified starch nanoparticles.

9.3.  Mechanical properties

Rawdkuen [107] defined mechanical properties as critical in
the production of starch-based films, particularly for food
packaging, to avoid food surface deterioration caused by
physical damage such as indentation, detaching, and black-
ening. The mechanical properties of starch-based films can be
used to determine the film's resistance to external or internal
forces and its flexibility. This fact is critical in determining the
efficiency of starch-based films during handling, storage, and
use.

Pinzon et al. [74] investigated the mechanical properties of
edible banana starch-chitosan films at various AV gel con-
centrations. They concluded from their findings that the
tensile strength decreased with increasing AV gel concentra-
tion. Tensile strength (TS) was 9.71.2 MPa at a 100 g L™! AV
concentration and 4.60.4 MPa at a 500 g L~* AV concentration.
A similar result was obtained in terms of elongation at break
(%E), where elongation at break decreased as the concentra-
tion of AV gel in the film was increased. Nonetheless, without
the addition of AV gel, the values of TS and %E were the
highest, and these values decreased when AV gel was added at
a specific concentration to banana starch-chitosan films.
Khoshgozaran et al. [71] demonstrated that when AV gel is
added to chitosan films, a threshold value of 20% is observed,
after which the TS and (%E) values decrease. These are pri-
marily due to AV gel's high moisture content. Due to these

characteristics, it has a low plasticizing effect and degrades
mechanical properties.

Gutiérrez & Alvarez [96] also observed a decrease in the
mechanical properties of the banana flour-glycerol-AV film as
the concentration of the AG gel increased. This could be
because AV gel contains a high concentration of polyphenolic
compounds. These compounds cause starch molecules to
crosslink, resulting in the formation of more rigid banana
flour-glycerol-AV films. Sartori & Menegalli [108] explained
that unripe banana starch contains a high amount of amylose,
which can form strong interactions with chitosan molecules,
resulting in a low E content in this edible film. This issue can
be resolved by including sorbitol in the film formulation as a
plasticizer. When AV gel is added, it acts as a crosslinker,
lowering the films' %E and TS values. According to other
sources of information, AV gel is composed of a complex
mixture of glucomannan, amino acids, and organic acids that
forms a complex matrix and heterogeneous structure. These
molecules can interact with chitosan and starch molecules in
a limited way. These interactions focused on sorbitol's ability
to reduce its plasticizing effect, but Pinzon et al. [74] suggested
that additional research is necessary before broad application.

Additionally, the study of biodegradable films reinforced
with AV rind was investigated. Mechanical properties of AV
rind films were investigated, including tensile strength,
Young's modulus, and percentage of elongation. Cheng et al.
[24] investigated the mechanical properties of aloe vera rind
nanofibers (AVRNF) obtained through a chemi-mechanical
process. The mechanical properties of nanofibrous films
were examined in their study, as well as those of other wood
nanofibers. They observed that presenting AVRNF reduces the
tensile strength and Youngs modulus required to break
AVRNF. Following that, a lower percentage of elongation was
observed in AVRNF film, which they attributed to the film
being more brittle than other wood nanofibers. Mechanical
properties of the AVNF film were low as a result of severe fibre
degradation during the chemi-mechanical treatment. Addi-
tionally, they explained the decrease in mechanical properties
as a result of the inherent properties of AV rind fibres. Addi-
tionally, they determine the crystallinity and degree of poly-
merization of these fibres, which indicates that the strength of
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AVRNF films is less than that of wood cellulose nanofibers.
The mechanical properties of nanofibrous films derived from
AV rind, wood, and other lignocellulosic materials are listed in
Table 5.

9.4. Antimicrobial and antifungal properties of Aloe
vera gel

Numerous studies have demonstrated that AV gel may act as
a natural antimicrobial agent. The bioactive components of
AV gel, such as glycoprotein, acemannan, and emodin, have
been shown to be resistant to a variety of bacteria. As a result,
AV gel is safe to add to film used for food packaging and
coating. Valencia [111] stated that there are numerous
methods for determining a film's antimicrobial properties
against a specific microbial organism. To begin, antimicrobial
assays such as agar diffusion tests, zone tests, or what is
commonly referred to as inhibition tests are tests in which a
film with antimicrobial properties is placed over a lawn of a
target area to determine the effect of the film on the growth of
microorganisms on an agar medium plate. Second, a cell
count or log reduction assay is another method in which the
film is placed in a growing microorganism in broth solution
and samples are removed from the solution at the specified
time.

Numerous studies investigated the antimicrobial and
antifungal properties of AV gel in starch-based films. Ortega-
Toro et al. [4] investigated antifungal edible films based on
starch and containing AV gel. They discovered that when AV
gel was added to the medium, fungus growth was inhibited,
defining the inhibitory effect of fungi growth. Fusarium oxy-
sporum (MGI: 65.16), Biporis spicifera (MGI: 53.09), and Curvularia
hawaiiensis (MGI: 53.09) were three fungi that demonstrated a
high degree of Mycelium Growth Inhibition (MGI) (MGI: 43.21).

Jasso De Rodrguez et al. [112] reported a similar result when
they investigated the antifungal activity of AV pulp and liquid
fraction against plant pathogenic fungi in vitro. These findings
established that the antifungal activity of AV gel was a result
of a bioactive component. Bajer et al. [106] conducted micro-
bial tests on various concentrations of AV gel in starch-
chitosan composites used in bio-packaging materials. They
examined two different concentration levels: 10% and 50%.
They observed the growth of microorganisms in the studied
samples, which they determined to be (Bacillus sp.) and fungi
acting as a carbon source (Fusarium culmorum). As a result, all
samples have undergone biodegradation, as determined by
mass losses. They discovered that Bacillus sp. was more sus-
ceptible than F. culmorum. They concluded that by adding AV
gel to the film, the microbial resistance increased as well,

providing benefits for packaging applications in the food,
pharmaceutical, and cosmetics industries.

Pinzon et al. [113] conducted an investigation into fungal
decay and microbial analysis. They investigated fungal decay
on strawberries during storage using a coated and uncoated
application. The decay of fungal growth on coated fruits was
determined during storage, and this was found to be highly
dependent on the AV gel concentration. The results indicated
that the addition of AV gel increased the antifungal activity on
chitosan-starch-based coatings. This is because fungal decay
has been reduced by nearly half when the amount of AV gel
used is increased.

Additionally, it was discovered that the addition of AV gel
can inhibit microbial growth. As a result, increasing the
amount of AV gel increased antimicrobial activity, extending
the shelf life of strawberries by fifteen days by inhibiting
fungal and microorganism growth. Hajji et al. [114] described
the antifungal mechanism used to coat chitosan films.
Initially, activation of chitinase involved in the formation to
hydrolysis of chitin inhibits fungal growth. Secondly, the
capacity to cause fungal cellular damage. Additionally,
Sanchez-Ortega et al. [115] demonstrated that the inclusion
of AV gel in edible coatings exhibits antifungal activity
against a variety of fungi.

In comparison to research conducted by Al-Ahbabi et al.,,
[116]; they studied the potential of AV methanol extract on
antimicrobial susceptibility by well diffusion method and disk
diffusion method (Fig. 8). The result revealed the S. aureus was
reported to be more affected by the antibacterial action of AV
extract in both methods disk and well diffusion method than
other bacterial isolates method. Furthermore, the results
showed that AV extract was more effective on the bacterial
inhibition zone than AV gel, which could be returned to
extract concentration. This research is corresponding to study
by [117]. In their research, they observe the effectiveness of
methanol extract from AV leaves extract against E. coli, P.
aeruginosa and Acinetobacter baumanii.

9.5. Physiochemical characteristics

9.5.1.  Water vapour permeability

The water vapour permeability (WVP) of a material is defined
as the ability of water vapour to flow through when subjected
to pressure between two opposite faces [118]. This parameter
is determined by the physical properties of the material, such
as tortuosity and pore diameter, and has a strong correlation
with air permeability [118]. In other words, water vapour
permeability can also be defined as the ability of moisture
to transfer and penetrate through a hydrophilic film [71].

Table 5 — Mechanical properties of nanofibrous film of Aloe vera rind, wood and other lignocellulosic materials.

Nanofibrous film AV Wood Rice Straw Potato Tuber Wood
Density (g/cm?) 1.28 (+0.06) 1.26 (+0.05) 1.36 134 —
Tensile strength (MPa) 102.12 (+10.22) 132.90 (+8.98) 230 (+30) 230 (+10) 240 (x12)
Young’ Modulus (GPa) 5.29 (+1.63) 7.1 (x1.79) 11 (x1) 11.4 (+0.6) 11 (+0.6)
Percentage of elongation (%) 7.33 (£1.44) 11.49 (+1.57) - - -
References [24] [24] [109] [109] [110]

*Values in parentheses are the standard deviation.
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Fig. 8 — Inhibition zone of S aureus by using (a) well diffusion method and (b) disk diffusion method [116].

According to the literature, films containing starch will have a
high moisture permeability, limiting their application in the
food industry. As a result, many researchers are concentrating
their efforts on reducing the starch film's water vapour
permeability.

In their study, Pinzon et al. [74] demonstrated the WVP of
banana starch-chitosan-AV gel edible films. They explained
that the water vapour permeability of the edible films is
determined by the film's major properties. They are primarily
concerned with the ratio of hydrophilic to non-hydrophilic
groups in the film, as this ratio dictates how the film in-
teracts with water. According to their findings, adding AV gel
to films reduces their water vapour permeability. They
explained that the presence of AV gel in films impairs the
crosslinking effect of starch—chitosan with the starch mole-
cule by reducing the hydrophilicity of starch. As a result, the
water vapour permeability of films is reduced.

9.5.2.  Water solubility

The water solubility (WS) test can be used to determine the
hydrophilicity or hydrophobicity of samples. WS is a critical
parameter, and it is necessary to characterise the WS of
samples before they can be used commercially. Bajer et al.
[106] demonstrated in their study that incorporating an active
antimicrobial agent into a starch matrix had no effect on the
water solubility. Additionally, they investigated the solubility
of water under the influence of ultraviolet (UV) radiation. They
discovered that when the amount of AV gel in the starch-
chitosan blends is increased to about 40%—50%, the radia-
tion effect becomes less vivid. According to Gutierrez et al.
[102]; this change in hydrophilicity occurred as a result of a
novel cross-linked reaction between the hydroxyl groups of
starch, the glycerol plasticizer, or/and amino groups in the
protein present in the blend components.

Bajer et al. [106] also reported that UV light has an effect on
the crosslinking reaction, causing a tightening effect on all
matrix components. As a result, this helps to avoid water
penetration and decreases the solubility of blended samples.
Additionally, they concluded that increasing the AV gel loading
results in a more rigorous crosslinking process following UV
radiation, resulting in a decrease in sample solubility.

According to Khoshgozaran-Abras et al. [71]; the WS
properties degrade with the addition of AV gel. In comparison,

Gutiérrez & Alvarez [96] discovered that films with a lower AV
are more soluble in water. They explained that a strong
hydrogen bond is formed between the hydroxyl groups of the
starch chains and the glycerol molecule, which reduces the
amount of water in the molecule and makes it more sensitive.
Thus, a high AV gel content in the film will react more vigor-
ously with glycerol, causing it to become insoluble in water,
increasing the resistance of water to penetrate the film and
decreasing its solubility.

Pinzon et al. [74] investigated the effect of aloe vera gel on
the water solubility of edible films composed of banana
starch, chitosan, and AV gel. They examined water solubility
at two different temperatures, 25 °C and 100 °C, and discov-
ered that it increased at both temperatures. Additionally, they
correlated the WVP results with the WS results. Typically,
when edible films have a low WVP, they also have a low WS.
Thus, it was expected that when the WVP was reduced, the
WS of the banana starch-chitosan-AV gel edible films would
decrease in value. However, it is necessary to consider that the
major components of the AV gel are organic acids, sugars, and
amino acids, all of which have a high WS content. This dem-
onstrates why some films' WS samples increase as the
component tends to solubilize in edible films.

10. Conclusions and future outlook

Recent advancements in food packaging materials included
(a) developing renewable resource-based biopolymers (e.g.,
cellulose, starch, and protein); (b) incorporating reinforcing
agent to enhance their mechanical, thermal and physico-
chemical properties; and (c) providing antimicrobial, anti-
oxidative, and other functions to packaging materials using
antimicrobial agent such as organic (e.g., essential oil, plant
extract) and inorganic (e.g., ZnO, TiO,, and Ag). Starch based
film is becoming a popular alternative to petroleum-based
polymers as packaging materials due to its low cost, biode-
gradability, and its ability to form films by thermoplastic
processing. Many components have been introduced to
the starch matrix, and process variables have been modi-
fied, to improve film properties. Nonetheless, retrograda-
tion phenomenon and the brittleness of starch films limit
their applicability. Some additives, such as plasticizers, or
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reinforcing agents, can help to alleviate these issues, resulting
in more stable materials with improved properties. The
resulting films exhibit good mechanical, barrier, and optical
properties when the optimal formulation is used.

The development of starch-based films for use as antimi-
crobial packaging or coating is one of the most promising
active packaging systems. The addition of natural antimicro-
bial compound helps to preserve fresh and minimally pro-
cessed foods is a significant challenge for industry and a very
active research area on a global scale. Recently, interest in
using aloe vera as an organic antimicrobial agent derived from
plants has risen significantly. There is a wealth of information
available regarding the chemical compounds found in AV,
particularly AV gel. Numerous bioactive compounds are pre-
sent in AV gel and contribute significantly to the gel's anti-
bacterial activity. The presence of these bioactive compounds
in AV gel qualifies it as a natural organic antibacterial agent.
Additionally, AV rind has the potential to act as reinforcement
for composites, thereby enhancing certain properties of the
starch film. AV starch-based films are great example of a
natural and active food packaging material. However, some
challenges, including efficient extracting method of the AV gel
from aloe vera leaves, selection of suitable types of plasti-
cizers and the development of starch-based film incorporating
AV packaging materials with adequate mechanical, physical,
thermal, antimicrobial, and physicochemical properties that
can be prepared at a reasonable cost for both producer and
consumers, remain in the development of antimicrobial
active packaging. In this sense, the analysis of different
properties of the starch films incorporating AV with different
plasticizer types and process conditions, is necessary to
optimize film formulation and process conditions.
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