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Fresh produce with all the valuable micro and
macro-nutrients preserved are highly demanding
for the consumers and extremely profitable in the
agriculture sector. However, during the postharvest
handling, it involves in various stages immediately
following harvest including sorting, cleaning,
packaging and cooling before transportation which
may require a time to get delivered to various
destinations. While these processes take place,
various possibilities can affect the quality of the
freshness of the product such as pest invasion,
changes in the mechanical structure of crops and
foreign contaminants. These factors may decrease
the freshness and quality of various products at
the same time leading to enhancement of crop
deterioration.

Despite various risk factors, it could affect
greatly on agriculturalist due to risk factors-induced
crop deterioration process before it could arrive at
its destination for the consumers. However, there
have been several methods to overcome the problems
such as the use of refrigerated chillers, controlled
atmosphere storage, sterilization by both UV and
gamma radiation, as well as more commonly, the
overutilization of single-use synthetic plastic and
wax materials which are a major concern worldwide
(Pavlath & Orts, 2009). Moreover, these preservation
methods have a high tendency to give adverse
effects to consumers. For instances, the single-use
plastics are known to be harmful and toxic to human
and animal health chronically. A study by Verma et

al. (2016) stated that chemicals within plastics such
as bisphenol A, phthalates and flame retardants can
affect the endocrine system, which may contribute
to cancer and reproductive problems.

Thus, there is an urgent need to create and
produce an edible coating matrix as a substitute for
the current harmful synthetic substances on the
market. The new formulation of edible coating is
aimed at the usage of natural materials originated
from edible fruits and vegetables to overcome the
overutilization of toxic single-use synthetic plastic
and wax materials that could be detrimental to
human health. This new formulation of the edible
coating is aimed to produce a new natural edible
coating that is safe, edible and reduce degradation
of nutrients in the fruits, as well as at the same time
increase e.g. agriculturalist revenue. Edible and
biodegradable coating films are not a new idea to
this field, however, there are no innovative
replacement products from a stable, safe, natural and
biodegradable substance to replace the various
single-use plastics and wax products in the industry.
Furthermore, researchers are highly interested in
looking at biodegradable materials to overcome
various problems arise from toxic plastic materials.
Edible coating films are believed to be one of the
most effective ways to maintain the quality and
safety of fresh produce due to its potential in
extending the postharvest lifespan (Park, 1999;
Pavlath & Orts, 2009). A previous study from
Rahman et al. (2017) reported that polymer extracts
of Aloe vera have high potential as biomaterials in
tissue engineering for its various benefits, including
biodegradability, oxygen permeability, antioxidant
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action, cell proliferation and regeneration as well as
low toxicity effect. Consequently, Aloe vera could
be the best material for film production due to its
various biomedical activities such as antitumor,
antioxidant, anti-inflammatory, antimutagenic,
enhance wound healing and immunomodulatory
processes as well as induce antifungal activity
(Joseph & Raj, 2010).

Besides, essential oils (EOs) possess anti-
microbial and antioxidant properties and most of
them are classified as Generally Recognized as Safe
(GRAS) (Atarés & Chiralt, 2016). Among them,
cinnamon oil is well known for its antimicrobial and
antioxidative activity which makes it an interesting
additive and preservative in food industry especially
since they have been used as a natural remedy from
ancient times (Noshirvani et al., 2017). Research by
Yun et al. (2018) reported that cinnamon extract
caused no death in animal following administration
at a certain range of concentrations. This has shown
that cinnamon is safe to be consumed. However,
there is no edible film has been formulated from
a combination of Aloe vera and cinnamon, as the
main ingredients of the edible coating. On the other
hand, it is believed that this combination would
be beneficial to protect and preserve fruits and
vegetables against insects, as well as prolong its shelf
lives.

In this study, we have formulated a new type of
edible coating matrix that may replace the toxic
single-use synthetic plastic and wax materials, using
a combination of stable and natural ingredients
consist of Aloe vera and cinnamon oil which are well
known for its therapeutic value. Therefore, the
current study focuses on formulating of various
constituents of cinnamon oil infused into the Aloe
vera based to form an edible matrix. Besides, the
formulation of the edible coating was tested its
cellular cytotoxicity on normal human lung
fibroblast MRC-5 cells (as a model), to ensure the
safety of the product to be consumed by the
consumers. Also, Tween-80 (polysorbate 80,
polyoxyethylene sorbitan monooleate) is a non-
ionic surfactant that is widely used as an emulsifier
in cosmetics, pharmaceuticals and food products. US

Food and Drug Administration has approved usage
of Tween-80 as an emulsifier (up to 1%) in foods
(Chassaing et al., 2015).

To formulate the new natural edible coating,
200 mL of distilled water was poured into four
beakers following a 4 mL of glycerol was added to
form a mixture. The solutions were homogenised
using a food processor. Next, 1 g of gelatine was
added into each beaker. The solutions were then
heated at 65°C and stirred at 250 rpm on a hot plate
magnetic stirrer to form a glycerol-gelatine solution.
Aloe vera gel (matrix base) was extracted from its
outer cortex using a blade and 10 mL of the gel was
homogenised before undergoing the filtering
process. Subsequently, 2.5 mL of the filtered gel
was transferred into the glycerol-gelatine solution
made earlier to form the Aloe vera mixture (Razifah
et al., 2017). Next, the Aloe vera mixture was
prepared in three groups with different ratios of
cinnamon oil infused with Tween-80, which were
50:50, 60:40, and 70:30 while the matrix with no
cinnamon oil and Tween-80 acted as a control. The
solutions were then homogenised and filtered before
they were transferred into four different Petri dishes
and stored in a desiccator for further experiments.
Table 1 shows the exact ratio of the mixture of
cinnamon oil, Tween-80 mixture and Aloe-vera, to
make up to a total volume of 0.2 mL gel.

Then, the formulated natural edible coating was
tested for its safety using AlamarBlue® cell viability
assay to evaluate its cytotoxicity effect on normal
human lung fibroblast (MRC-5) cells given. The
MRC-5 cells were cultured in RPMI-1640 medium
supplemented with FBS (10% v/v), L-glutamine
(2 mM), streptomycin (100 µg/mL), and penicillin
(50 IU/mL) until reaching 95% confluence
maintained at 37°C in a 5% CO2 humidified
environment. Cells were then detached and counted.
Cell pellets were used for further experiments
(Mazumder et al., 2016). Next, a total of 10,000
human fibroblast MRC-5 cells were seeded into 4
sets of 96-wells plates and incubated for three-time
points; 24, 48 and 72 hours, to allow the cells to
reach confluency of 85% in a monolayer (Grigoryev,
2014).

Table 1. The exact volume ratios of cinnamon oil and Tween-80 consist
in the Aloe vera based

Volume ratio Description

Control No cinnamon oil and Tween-80 added
50:50 0.1 mL of cinnamon oil and 0.1 mL of Tween-80
60:40 0.12 mL of cinnamon oil and 0.08 mL of Tween-80
70:30 0.14 mL of cinnamon oil and 0.06 mL of Tween-80
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The cytotoxicity assay was carried out using 3-
(4,5-dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium
bromide (MTT). The MTT solution was prepared in
RPMI-1640 complete medium. The cells that have
been seeded were treated with different volume
ratios of cinnamon oil and Tween-80 (50:50, 60:40
and 70:30) mixed with the edible Aloe vera mixture.
After 24 hours, the test solutions were removed and
discarded from the 96-wells plates before adding
50 µL of MTT solution into each well on the plates.
The plates were then incubated at 5% CO2, 37°C for
1 hour and 30 minutes. Next, the media consist of
the MTT solution was discarded before 100 µL of
DMSO was added into each well to dissolve the
formazan crystals. Then, the absorbance of each well
was measured and recorded at 560 nm by using a
VERSA max microplate reader (Dwivedi et al.,
2015; Mazumder et al., 2016). The percentage of
cell viability was calculated using the following
equation:

absorbance of treated cells
% Cell viability =  × 100

absorbance of untreated cells

A series of studies were done to determine the
most suitable volume ratio of edible Aloe vera
matrix incorporated with cinnamon oil that will be
safe to be consumed. This was done by evaluating
the cytotoxicity effects of the edible matrix towards
the normal human lung fibroblast (MRC-5) cell line.
MRC-5 is a normal lung fibroblast cells that derived
from 14 weeks old Caucasian boy. According to
Ballantyne (2006), lung fibroblast cells have been
used as a model to evaluate the cytotoxicity effect
of test materials for safety. The cytotoxicity results
are represented as the means percentage of cell
viability shown in Figure 1. Moreover, all of the
different concentration ratios of cinnamon oil and
Tween-80 are affecting cell viability differently in
a time-dependent manner. At 24 hours, edible Aloe
vera matrix showed no significant difference on
MRC-5 cell viability after treated with three
different concentration ratios (50:50, 60:40, 70:30)
of cinnamon oil and Tween-80. However, at 48
hours, the cinnamon oil-infused Aloe vera matrix
at a concentration ratio of 50:50 and 60:40 caused
a significant decreased (p<0.05), on the percentage
of MRC-5 cell viability compared to control.
Whereas, the cinnamon oil-infused Aloe vera, at a
concentration of 50:50 caused a significant
reduction in MRC-5 cell viability after 72 hours
incubation. Despite its cytotoxicity activity, the
percentage of cell death of treated MRC-5 cells with
cinnamon oil-infused Aloe vera did not exceed 50%
of inhibition. This result has shown that the
formulated natural edible coating is considered to
be safe and less cytotoxic to human cells.

According to Rahman et al. (2017), polymer
extracts of Aloe vera have high potential as
biomaterials in tissue engineering because of variety
of benefits, including biodegradability, oxygen
permeability, antioxidant action, cell regeneration
as well as low toxicity effects. Meanwhile, another
research group that was examining the isolated
glycoprotein from Aloe vera gel had found that the
glycoproteins in the Aloe vera contribute to an anti-
allergic activity (Choi & Chung, 2003). The
glycoprotein can reduce histamine release and
encourage the secretion of leukotrienes in activated
lung mast cells (Choi & Chung, 2003). Thus, this
may support the idea that the consumption of
edible Aloe vera matrix might contribute to the
enhancement of human own body biological
reactions such as cell proliferation due to the natural
constituents within the Aloe vera (Choi & Chung,
2003).

Fig. 1. Determination of percentage of cell viability of
MRC-5 cells relative to the mean of the control group after
a) 24, b) 48, and c) 72 hours. Data expressed as mean ±
standard error mean. Bars represent standard error mean
(*p<0.05). Statistical analysis of t-test, comparing treatment
to control (N=4).
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Barbaloins and other polyphenolic compounds
in Aloe vera are useful antioxidants that could
scavenge free radicals which may mediate cyto-
toxicity and lipid peroxidation activities (Cook,
1996). Aloe vera also can comprehend and
accommodate in a biological process such as wound
healing. According to Rahman et al. (2017), Aloe
vera gel is a well-known natural healing agent by
activating and enhances cells to proliferate during
wound healing. A study by Fox et al. (2017) found
that most parts of Aloe species exerted minimal
toxicity towards normal human epidermis skin
(HaCaT) cells. This statement supports our findings
that the formulated edible coatings were less toxic
to MRC-5 cells. Meanwhile, Hashemi et al. (2015)
stated that a water-soluble polysaccharide in Aloe
vera, known as glucomannan, may affect the
fibroblast growth factor and triggers cell proliferation
which might later enhance collagen production and
secretion. In addition, according to Chen et al.
(2010), Aloe vera-based as the edible coating may
be able to prolong the shelf life of various type of
fruits and vegetables, as well as having a great
potential in enhancing consumers health.

Besides Aloe vera, cinnamon oil also plays an
important role to support the functionality of edible
films. The use of cinnamon in a wide range of food
can enhance human health due to its antifungal,
antibacterial and anticancer properties (Ribeiro-
Santos et al., 2017). A clinical study by Yun et al.
(2018) has proven that long-term consumption of
cinnamon extracts did not cause any toxicological
effects in human. However, further study needs to
be done to assess the mechanism involved in the
reaction of the mixture between cinnamon oil and
edible Aloe vera based towards normal human lung
fibroblast MRC-5 cell lines.

To conclude, it is suggested that the most
suitable volume ratio of edible Aloe vera film that
is safe to be consumed is Aloe vera with a 70:30
ratio of cinnamon oil and Tween-80. This is because
the edible Aloe vera matrix at this ratio showed
a non-cytotoxic effect at 24 hours on normal
human lung fibroblast MRC-5 cells. Hence, it is
recommended as a safe dosage to be consumed
by humans. However, further studies needed to
investigate cellular mechanisms of the mixtures in
the natural edible coating formulations on various
types of human cells, as well as in vivo studies
such as rats, rabbits and C. elegans to ensure that
the products are safe to be consumed.
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