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EFFECT OF ALOE VERA GEL COATING ON THE
QUALITY OF BANANA FRUIT
DURING STORAGE

Le Pham Tan QuOC*

Abstract: The major goal of this study was to investigate the effect of Aloe
vera gel coating on the changes in the quality of bananas at room
temperature (26—-30°C). To evaluate the influence of different concentrations
of gel, a set of experiments was designed that included solutions of Aloe vera
gel diluted 1:2, 1:3, and 1:4 (v/v) with distilled water and uncoated bananas
as controls. Changes in physicochemical properties were analyzed during the
preservation time such as weight loss, reducing sugar, total soluble solids,
acidity, sensory testing, and color parameters (L*, a*, b*). Microbiological
analysis was evaluated in the last storage period. In general, bananas
treated with Aloe vera gel can reduce the weight loss and improve the fruit
color and sensory value of the product.
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1. Introduction

Bananas belong to the genus Musa, and
the family Musaceae and originates from
Indomalaya and Australia, Papua New
Guinea. Until now, it is cultivated widely
around the world. The nutrition of this
fruit is quite high, including many healthy
chemical constituents, such as
carbohydrates, dietary fibers, vitamins,
minerals, and other bioactive compounds
[20]. In Vietnam, there are many banana

species that have spread to all provinces,
especially Pisang Awak (Musa acuminata x
Musa balbisiana). It is used as fresh fruit
of processed fruits products, for instance,
jam, candy, cake, juice, etc. However, the
preservation time of this fruit is quite
short (approximately 3 or 4 days
depending on storage conditions), and its
quality is not wuniform. This causes
difficulty in the production process.
Nowadays, the edible coating is a good
solution to preserve  fruits and
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environmentally friendly to nature. Using
edible film can reduce the respiration rate
of the fruit and improve food appearance
and quality [16, 17]. The materials of
edible coating usually originate from both
animal and vegetable agricultural products
[17], especially Aloe vera gel. Many
previous studies evaluated the advantage
of this gel. For instance, according to
Hassanpour [7], the author demonstrated
that it maintained antioxidant capacity,
total phenol, total anthocyanin, and
antioxidant enzymes during storage
periods of raspberry fruits. Benitez et al.
[2] reported that Aloe vera coating also
maintained the firmness and prevented
the ascorbic acid losses and yellowing
because of ripening of kiwifruit slices. In
fact, Aloe vera is also a popular edible
plant in Vietnam, and the chemical
composition of leaf consists of 99.5%
water and 0.5% of solid material [3]. It is
used widely in the cosmetic industry and
in juice and yogurt technology in Vietnam.

Based on the reasons mentioned above,
banana storage using Aloe vera gel as the
edible film is a new approach. Until now, no
studies have mentioned this concept.
Hence, the goal of this study was to assess
the influence of Aloe vera gel on the quality
and properties of bananas during storage at
room temperature (26-30°C) and to get a
better understanding of the influence of
Aloe vera on the shelf life of bananas.

2. Materials and Methods
2.1. Sample Preparation

Pisang Awak banana fruits were
cultivated in Hau Giang province
(Vietnam), harvested from January to
March (2021), and transported at room
temperature (29-31°C) to the laboratory
within 1 day of harvest. To ensure an even

maturity of the fruit, all fruits were
uniformly green with traces of yellow in
color (color-stage 2), hard [24], and only
undamaged hands with three fingers were
chosen. The fingers were uniform in size (a
length of 95.621.6 mm and a diameter of
36.2+1.2 mm). A total of 36 fingers for one
test were split into four groups and with
Aloe vera gel. Three groups were dipped
in a solution of Aloe vera gel diluted 1:2
(gel A), 1:3 (gel B), and 1:4 (gel C) with
distilled water (v/v) for 30 min. The last
group was dipped in distilled water and
was used as the control samples. After
treatment, all samples were drained for
30 min before storage at room conditions
(temperature of 29-31°C, relative humidity
(RH) of 60-70%) for 5 days. Then, the
quality characteristics were analyzed after
every day.

2.2. Fruit Quality Parameters
2.2.1. Weight Loss (WL)

The same samples were weighed at the
beginning of the experiment and at the
end of each storage stage. The obtained
results were calculated as the percentage
loss of initial weight.

2.2.2. Color Parameters

The color of the bananas was measured
by a CS-10 colorimeter (China) in the
CIElab space, and the color parameters
(L', a’, and b)) were recorded. The
position selected for color measurement
was in the middle of each banana fruit.

2.2.3. Total Soluble Solids (TSS) Content
Total soluble solids content (°Brix) was

measured using a portable refractometer
(ATC, China).
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2.2.4. Reducing Sugar (RS) Content

The RS content was determined
according to the method reported by
Miller [15] with small changes. The 3,5-
dinitrosalicyclic acid (DNS, yellow color)
reacts with the RS in the sample, leading
to the formation of 3-amino-5-
nitrosalicylic acid (red-brown color) which
can be quantified by spectrophotometry
at a wavelength of 530 nm.

2.2.5. The Titratable Acidity (TA)

The TA was determined using the
titration method. A 10 g sample was
crushed and mixed with 200 mL distilled
water. Next, the mixture was filtrated
using filter paper and filled up to 250 mL
with distilled water. Then, the filtrate,
with two drops of phenolphthalein (0.5%,
w/v) as an indicator, was titrated using 0.1
N NaOH solution. The obtained results are
estimated as grams of malic acid
equivalent per 100 g fresh weight (FW, %).

2.2.6. Firmness

The firmness of the banana peel was
measured using the Fruit Texture Analyzer
(T.R. Turoni, Italy) with an 8 mm cylindrical
probe, a measuring depth of 1 mm, and a
speed of 5 mm/s. The results were
expressed in kilograms (kg).

2.2.7. Sensory Methods

Sensory evaluation of the samples was
performed using a 9-point hedonic scale
from 1 (dislike extremely) to 9 (like
extremely), according to the method
described by Meilgaard et al. [14]. The 60
non-trained panelists that were chosen
evaluated the qualities of the fruit, such as

color, odor, taste, texture, and overall
acceptability in the last storage period for
the best and control sample.

2.2.8. Microbiological Analysis

The aerobic plate count, Escherichia coli,
Salmonella spp., total yeast and mold
count were determined according to ISO
4833-1:2013 [10], ISO 16649-3:2015 [8],
TCVN 8342:2010 [21], and ISO 21527-
1:2008 [9], respectively.

2.3. Data Analysis

All experiments were performed in
triplicates. The obtained data were
analyzed using the one-way analysis of
variance (ANOVA) method, and specific

differences  between means were
determined by the Fisher’s least
significant difference (LSD) procedure

using Statgraphics Centurion XV software
(version 15.1.02, USA) at p<0.05. The
results were expressed in the form of a
meanzstandard deviation (SD).

3. Results and Discussions
3.1. Effect of Aloe Vera Gels on the WL of
Banana Fruit during Storage

Figure 1 illustrates the WL of bananas
coated with various Aloe vera gels. The
coated bananas clearly showed lower WL
compared to the control samples during
the storage time. The WL of samples
coated with gel A, B, and C ranged from
3.5% to 20% while that of the control
samples fluctuated from 4.8% to 23%. The
lowest WL was observed in samples
coated with gel A and C. This proved that
Aloe vera gel coatings significantly
(p<0.05) decrease the WL. For the control
samples, they only needed four days of
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storage to reach full maturity (stage 7),
while the coated samples needed five
days of storage at room temperature.
According to some previous studies, Aloe
vera can be applied as an alternative to
traditional edible coatings used in fresh-
cut fruits [2] and had antioxidant capacity,
antioxidant enzyme  activities, and
reduced the decay in raspberry fruit [7].
Aloe vera gel formed a natural gas barrier
that is glossy and transparent and can
prolong the shelf life of bananas.
However, compared with other storage
methods, the rate of WL of coated
samples in this study rapidly increased to
approximately 20% after 5 days of storage
at 29-31°C (RH of 60-70%), whereas
Cavendish bananas coated with starch-
carrageenan matrix blended with sucrose
fatty acid esters had a WL of nearly 4.5%
after 14 days of storage at 20°C (RH of
52%) [22]. In addition, Dwivany et al. [5]
also used carrageenan as an edible film
to extend Cavendish banana shelf life,
and the obtained WL reached from 28%
to 38% at room temperature (26°C) and
from 17% to 23% at 20°C with various
carrageenan concentrations after 13
days of storage. These observations can
be explained by the fact that the
different results were attributed to the
various natural sources and storage
conditions (edible films, temperatures,
RH, etc.), especially storage
temperature. Low temperatures caused
a decrease in the respiration and
transpiration rate of the fruit, thus,
resulting in lower water loss [1].

3.2. Effect of Aloe Vera Gels on the TA of
Banana Fruit during Storage

As seen in Figure 2, there are no
significant differences in TA in samples for

the same days of storage. However, the
TA of the control sample peaked at 4.69%
(malic acid) on day 2, while that of all
coated samples had the highest acid
values on day 3 (ranging from 4.46% to
5.58%) and then slightly decreased.
According to Thakur et al. [22], the
decrease in TA in banana fruit during
storage time is related to a decrease in the
organic acid content. The reduction of TA
has been ascribed to the conversion of
organic acid into sugar and its further
utilization in the metabolic processes of
the fruit [6]. The increase in the TA values
of control or coated samples was only
observed during the first two or three
days of storage. This was attributed to the
strong activity of malate synthase and
phosphoenolpyruvate carboxylase. These
enzymes have an important role in the
formation of malic acid, which is a main
organic acid in banana fruit [11]. In
general, the trend of TA of sample in this
study is in agreement with that observed
by Thakur et al. [22] for Cavendish
bananas during storage time; however,
the obtained TA values are higher than
those recorded by these authors (0.15-
0.37%).
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Fig. 1. Effect of Aloe vera gels on the WL of
banana
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Fig. 2. Effect of Aloe vera gels on the TA of
banana

3.3. Effect of Aloe Vera Gels on the RS
and TSS Content of Banana Fruit
during Storage

Figures 3 and 4 show the RS content and
the TSS of coated and control samples. In
the first two days of storage, the RS
content of all samples changed
insignificantly, ranging from 0.65 to 1.29%.
This revealed that the bananas contained
a large amount of starch at this stage.
Then, the RS content dramatically
increased during the rest storage time,
especially the control sample, as it peaked
at 18.09% while the RS content of treated
samples fluctuated from 10.05 to 15.48%
on the 5" day. Among all the coated
samples, gels A and B showed significantly
(p<0.05) lower amounts of RS content
compared to that of other samples. In
general, the increase in RS content can be
explained by the fact that there is a strong
enzymatic conversion of starch to sugars
to reach full maturity. Essentially, the
accumulation of the RS content in coated
bananas was found to be less than the
control. This finding is also similar to the
results reported by Gol and Rao [6], who
preserved bananas using various edible
coatings, such as chitosan, glycerol, jojoba
oil, etc.
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Fig. 3. Effect of Aloe vera gels on the RS
content of banana
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Fig. 4. Effect of Aloe vera gels on the TSS of
banana

The TSS content of all samples in the
initial period was quite high (approximate
18.9%). From the 3™ to 5™ day, the TSS
content slowly increased, ranging from
19.9% to 20.4% on the 5™ day. In this
period, the TSS level of the sample coated
by gel A seems to be significantly lower
than that of other samples (p<0.05).
Compared to other fruits, after storage,
the TSS content of bananas surpass that of
raspberries (6.7-7.22%) [7], kiwifruit slices
(10-12%) [2] and Cavendish banana (6-
14%) [5]. The TSS content in bananas
consists of many soluble compounds, such
as RS, non RS, organic acid, etc. Besides,
according to Thakur et al. [22], the high
TSS level in fruit may be attributed to the
degradation of starch and dehydration of
fruit during storage. In addition, the RS
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was formed by the conversion of starch
and non RS to RS through the ripening
process of the fruit [6]. In this study, the
increased tendency of TSS content is in
agreement with those of RS.

3.4. Effect of Aloe Vera Gels on the
Firmness of Banana Fruit during
Storage

Figure 5 shows that the firmness has
high values in the two initial days of
storage, ranging from 1.38 to 2.27 kg. For
the coated samples, their firmness is
always higher than those of uncoated
samples for the initial period of storage.
Then, the banana peel firmness suddenly
significantly decreased during the rest
scale, ranging from 0.27 to 0.39 kg. The
differences of all samples are not
significant in this period. This revealed
that Aloe vera gels only have a positive
effect in the early stages. According to
Ullah et al. [23], they pointed out that the
lower firmness of the control samples was
related to the higher water loss and the
weakening of the tissues of the skin of the
banana. Besides, the degradation of the
cell wall and the transformation of starch
in the banana also directly affect the
firmness [12]. Protopectin in the peels and
pulp of the banana can be transformed
into soluble pectin because of the
presence of protopectinase in the fruit
[19], leading to lower firmness during
storage time. The decrease in firmness of
the fruit is inevitable, so using edible film
coatings, which can extend or enhance the
firmness of the fruit, is a very necessary
tendency at the present in the fruit
preservation process.
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Fig. 5. Effect of Aloe vera gels on the peel
firmness

3.5. Effect of Aloe Vera Gels on the Color
Parameters of Banana Fruit during
Storage

Based on the obtained results, the
changes in peel color was found to be very
different between the control and coated
samples (p<0.05) during storage time
(Figures 6, 7, and 8). The browning and
spotting of the coated samples appear
lower than those of control samples. This
also caused the L" values of the control
sample, which were usually lower than
those of the coated samples in the initial
and last period of the preservation time.
Besides, the peel color with brown spots
significantly  affected other  color
parameters, especially the a’ values in this
study. They slightly rose for 4 days, and
then suddenly rapidly decreased at the
last day of the storage process. In general,
the tendency of L" and b" values of all
samples was to steadily increase during
storage time except for the control
samples. All color parameters of Pisang
Awak bananas in this study were lower
than those of Berangan bananas recorded
by Ding and Ling [4]. This can be
attributed to the different banana species
and treatment methods.



L.P.T. QUOC: Effect of Aloe Vera Gel Coating on the Quality of Banana Fruit during Storage

153

50 9 mControl sample
BGel A
| oGelB
] BGelC

L value

FITTITTITITITIITS

0 1 2 3
Storage time (Days)

Fig. 6. Effect of Aloe vera gels on the L
values

lue

VTS

L
, @ va

— B Control sample
BGel A
0GelB
BGel C

e

0 1 2 3 4
Storage time (Days)

Fig. 7. Effect of Aloe vera gels on the a
values

B Control sample
30 1BGel A
"~ |oceB
mGelC

b value

LTSI TTTTTTTTTTTTTTTS

TITTTI SISl

0 1 4 5

Slorafge time &)ays)
Fig. 8. Effect of Aloe vera gels on the b’
values

3.6. Microbiological Analysis and Sensory
Attributes of Banana Fruit

Based on the recorded observations
during storage time, the chemical
properties of samples coated with gel B
with Aloe vera solution diluted with

distilled water (ratio of 1:3, v/v) were in
agreement with other coated samples and
surpass those of the control. Besides, they
have a good appearance by the naked-eye
and color parameters (L*, a’, and b") for 5
days. Consequently, the sample at this

concentration was chosen for
microbiological analysis and sensory
evaluation after 5 days of storage
compared to the control sample.

Table 1 shows that E. coli and
Salmonella spp. were not detected in both
samples. Besides, the total aerobic

microbial count and the total yeast and
mold count of the coated sample occupied

a small proportion. These obtained
microbiological parameters completely
correspond to national technical

regulation of microbiological
contaminants in food in Vietnam [18].
According to Benitez et al. [2], Aloe vera
gel can inhibit the growth of bacteria,
yeast, and mold in fruit. However, the
obtained results did not exhibit these clear
differences between both samples
because the thick peel of the banana can
protect the pulp inside to avoid an
infection of microorganisms.

Fresh quality is an important factor for
consumer satisfaction. In this study, some
attributes of the coated banana and
control were evaluated, including odor,
color, taste, texture, and overall
acceptability. From Table 2, it was
observed that firmness and color have
significant differences (p<0.05) between
samples. The scores of two attributes of
the sample coated by gel B were higher
than those of the control. This proved that
Aloe vera gel enhanced quality attributes
of bananas, especially firmness and color,
while panelists did not perceive a
difference in taste and odor of the two
samples. The improvement in firmness
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and color leads to a higher overall
acceptability of the coated sample. The
positive influences of Aloe vera gel in this
study are also similar to those reported by
Martinez-Romero et al. [13], who also

Microbiological analysis of coated and uncoated products

used Aloe vera gel to preserve sweet
cherry. It can maintain the quality of the
fruit during storage and does not have any
detrimental effects on taste, aroma, or
flavors.

Table 1

Total aerobic plate Escherichia coli Salmonella spp. Total yeast and
Samples count [Cfu/g] [Cfu/g] [Cfu/25 g] mold count
[Cfu/g]
Control <10 i i <10
Gel B <10 - - <10

Regarding to the test method, the results were expressed as less than 10 Cfu/g when the dish

contains no colony

“-“: Not detected
Sensory evaluation of coated and uncoated products Table 2
Sample Firmness Color Taste Odor Overall acceptability
Control | 5gi17° | s50:1.7 | 6.8:1.7° 6.6:1.6° 6.7:1.6°
Gel B 6.6+1.4° 6.1+1.6° 7.1+1.8° 6.2+¢1.7° 7.3+1.3°

Different superscript lower-case letters in the same column denote significant differences

(p<0.05).
4. Conclusions

In general, to our knowledge, this is the
first time that Aloe vera gel was used as an
edible coating in bananas. It can maintain
the quality of Pisang Awak bananas during
storage. This gel can enhance some quality
properties compared to the control.
Besides, an optimal gel concentration (gel
B) has positive influences in retarding the

ripening process. This treatment
decreased the WL and TA losses, delayed
softening and color changes, and
improved banana quality. This

demonstrated that Aloe vera gel can be
widely applied in post-harvest technology
in the future.
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