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The aim of this study was to evaluate the effect of gelatin coating incorporated with Aloe vera gel (50, 100%) and green and black
tea extracts (5, 10%) on physicochemical, microbial, and sensorial properties of fresh-cut oranges at 4∘C for 17 days. Significant
differences in terms of quality parameters were observed between the control and coated fresh-cut oranges. The highest variation
of quality parameters was observed in control, while the least variations were observed in coated slices with 100%Aloe vera and 10%
green tea extract. The weight loss was increased with time, but the coating treatment especially with 100% Aloe vera had significant
effect on the prevention of weight loss. Also, Aloe vera coated samples obtained the highest score in sensory evaluation. Coating
with gelatin incorporated with Aloe vera and green tea extracts successfully retarded the microbial growth and therefore extended
the shelf life of fresh-cut oranges during cold storage.

1. Introduction

Citrus fruits have a high commercial value in the fruit
market. Among them, oranges can be considered as a good
source of bioactive compounds, in which their consumption
would have health benefits for humans [1]. However, high
moisture content and nutrient composition make this fruit
more susceptible to fungi contamination [2]. It should be
noted that such products are also susceptible to softening,
browning, or color change andmicrobial contaminations, too
[3]. On the other hand, peeling, cutting, or slicing increases
the quality losses of fresh-cut fruits. Therefore, controlling
fresh quality and growth of spoilage and pathogenic bacteria
is a challenging problem for fresh-cut fruit industry [4]; and
although nutrient loss could occur, preservative treatment for
fresh-cut fruit is recommended.

In order to overcome the above concerns, it is recom-
mended to use edible coatings on fresh-cut fruits to extend
their shelf life. For this purpose, natural polysaccharides,
proteins, and antioxidants are used as rawmaterials for edible

coatings and films [3]. Edible coatings are thin layers of
edible materials that cover the surface of food by dipping or
spraying and providing a barrier to gases and water vapor
and somewhere are microbial agents and therefore reduce
respiration, enzymatic browning, water loss, and deleterious
microbial effects [5].

Tea (Camellia sinensis) is a good source of polyphenolic
compounds, which have strong antioxidant properties. Green
tea and black tea differ primarily in their processing and
relative levels of catechins and their oxidized condensation
products. The high antioxidant capacity and overall antimi-
crobial activity of green tea have been attributed to these
compounds [6, 7]. Such properties made us use black tea and
green tea as our alternatives for coating.

Also, Aloe vera gel and gelatin have been used as edi-
ble coatings in fruit storage technology [8, 9]. The color-
less mucilaginous gel of Aloe vera, consisting of approxi-
mately 99–99.5% water and 0.5–1% solid materials, includes
compounds such as polysaccharides, vitamins, minerals,
enzymes, phenolic compounds, and organic acids [10]. The
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barrier properties of Aloe vera gel coatings towards respira-
tory gases [11], as well as its antimicrobial functions [12], were
reported in coated fruits and fresh-cut fruits.

In recent years, Aloe vera gel has been used as an edible
coating for nectarines [13], sweet cherries [12], mangoes [8],
apples [11, 14], papayas [15], table grapes [16], and fresh-cut
kiwifruit [17, 18].

Although the effects of various edible coatings on fresh-
cut fruits and vegetables have been reported by several
authors, no information is available about coating of orange
slices with gelatin in combination with Aloe vera and green
tea and black tea extracts. Therefore, the current research
was established to investigate the effect of basic edible
coating (gelatin) in combination with two concentrations
of Aloe vera gel and green tea and black tea extracts on
the physicochemical and microbial characteristics of orange
slices during storage.

2. Materials and Methods

2.1. Materials. Gelatin, 2,6-dichlorophenolindophenol, phe-
nolphthalein, NaOH, NaCl, microbial culture media of plate
count agar (PCA), and yeast extract glucose chloramphenicol
(YGC) agar were purchased from Merck (Darmstadt, Ger-
many). Orange fruits (at commercial maturity), Aloe vera
leaves, and dried leaves of green tea and black tea were
purchased from a local wholesale market (Yasouj, Iran).

2.2. Preparation of the Coating-Forming Solutions. Aloe vera
extract was obtained from fresh aloe leaves according to
the method described by Navarro et al. [19] and used
intactly (for Aloe vera 100% treatment) or diluted 50 : 50
with distilled water (for Aloe vera 50% treatment) to form
half concentration extract. Moreover, green tea and black
tea extracts were prepared from dried tea leaves based on
the method of Siripatrawan and Harte [20]. Briefly, the
mixture of ground tea powders and distilled water (1 : 10 w/w)
was stirred in an Erlenmeyer flask in a shaking water bath
(Memmert, Germany) at 80∘C and 100 oscillations/min for
10min. Afterwards, the tea extracts were filtered through
Whatman number 1 filter paper. A part of tea extracts (about
10 g) for total soluble solid content were examined by air oven
method at 105∘C and, according to total solid content (TSC),
the final concentrations of extracts were adjusted to 5% and
10% TSC using a Rotary evaporator (Heidolph, Germany)
at 45∘C. Gelatin powder was dissolved in distilled water or
concentration-adjusted Aloe vera and tea extracts by stirring
and heating to 50∘C under nitrogen gas atmosphere to form
1% gelatin solution.

2.3. Coating the Orange Slices. Oranges with uniform size
and shape and without any signs of mechanical damage were
selected, washed with chlorinated water (50mgCl2/kg H2O),
and finally sliced. Orange slices were dipped in the coating
solutions for 1min and then drained for 30min. Some slices
were dipped in distilled water as control samples. The pre-
pared slices were packed in polyethylene terephthalate (PET)
clamshells (140 × 128 × 30mm3) (Pars Plastic Khuzestan,

Ahwaz, Iran) with four vent holes (1mm in diameter) and
stored at 4∘C for 17 days. Subsequently, the following coating
treatments were assigned: uncoated sample which served as
control, orange slices coated with 1% gelatin, orange slices
coated with 1% gelatin in combination with 50% and 100%
Aloe vera gel, and 5% and 10% green tea and black tea extracts.
10 orange slices were placed in one container and three
replicates were considered for each treatment on one day.The
physicochemical analyses of samples were performed at 0, 5,
9, 13, and 17 days of storage.

2.4. Weight Loss Determination. The weight loss in the
samples was calculated as loss in weight of the orange slices in
each container during storage and the values were reported
on a percentage basis [14] and calculated by the following
formula:

weight loss%

=
(Initial weight − weight in the specific time of storage)

initial weight

× 100.

(1)

2.5. Measurement of Total Soluble Solids (TSS), Titratable
Acidity (TA), pH, and Ascorbic Acid (AA) Content. The
orange slices were homogenized in a blender (Moulinex,
Barcelona, Spain) and the blended puree was used to deter-
mine the total soluble solid (TSS), titratable acidity (TA), pH,
and ascorbic acid content. The homogenate was centrifuged
at 2000 rpm for 1min to obtain a clear juice. TSS was deter-
mined with a refractometer (Atago NAR-3T, Tokyo, Japan)
at 20∘C and expressed in ∘Bx. TA values were determined by
diluting each 10mL aliquot of homogenized orange juice in
50mL of distilled water and then titrated to pH 8.1 (Knick pH
meter 766, Germany) by using 0.1M NaOH. The TA results
were expressed as grams of citric acid per 100mLorange juice.
Also, the ascorbic acid content wasmeasured using a titration
method with 2,6-dichlorophenolindophenol [17].

2.6. Measurement of Visual Color. Surface color of the sam-
ples was measured using a Hunter colorimeter (ColorFlex,
Virginia, USA). Hunter CIE 𝐿∗ for lightness, 𝑎∗ for redness,
and 𝑏∗ for yellowness were determined [17].

2.7. Microbiological Evaluation. Themicrobiological analyses
of orange slices were carried out for total aerobic mesophilic
bacteria and fungi counts in accordance with Benı́tez et al.
[18]. Results were expressed as log CFU/g of sample.

2.8. Sensory Analysis. Sensory evaluation was performed
immediately after the orange slices were removed from
storage conditions. 12 untrained panelists (6 males and 6
females aged between 20 and 45 years) were responsible for
sensory evaluation using a 5-point scale. The members were
asked about the different quality attributes (color, aroma,
flavor, and overall acceptance) of the orange slices using a
hedonic scale from extremely dislike (1) to extremely like
(5). Water and unsalted crackers were used in assessing the
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samples as palate cleansers. The rest time between tests was 1
minute.

2.9. Statistical Analysis. All experiments were run in trip-
licate. Statistics on a completely randomized design were
performed with the analysis of variance (ANOVA) procedure
in SAS (release 9.1, SAS Institute Inc., Cary, NC) software
andmean comparisonswere carried out byDuncan’smultiple
range test (𝑝 < 0.05).

3. Results and Discussion

3.1. Total Soluble Solids (TSS), Titratable Acidity (TA), and pH.
The effects of coating treatments on pH, TA, and TSS param-
eters during cold storage were shown in Figures 1(a)–1(c). pH
was increased significantly in all treatments during storage.
The lowest increase (0.9%) in pH was observed in coated
sample with 1% gelatin. In contrast, the maximum increase
(∼16%) was observed in samples coated with 100% Aloe vera
and 5 and 10% green tea extracts. A significant increase in
pH was also reported for green tea and chlorine treatments
of fresh-cut lettuce. This pH increase was contributed to the
growth of Gram-negative microorganisms, which play an
important role in the spoilage of fresh-cut lettuce [7].

The acidity of the coated and control samples significantly
reduced at different rates during the storage (𝑝 < 0.05).
Initial acidity of samples was approximately 0.78 g/100mL.
The decreasing trend of TA in the coated samples with 100%
Aloe vera and also 10% green tea extract was the highest
(38–40%). In contrast, this trend for samples coated with 1%
gelatin was the lowest (∼14%). Similar trends for pH and TA
were also reported for fresh-cut kiwifruit [18].

The TSS of control and coated samples significantly
increased with storage time. In this regard, there was a
significant difference between control and coated samples,
as coated samples experienced a slight increase in TSS
when compared to control. The highest increase of TSS was
observed in control (32.40%, TSS increased from 11.9 to 15.85
after 17 days of storage at 4∘C), while the lowest increase was
observed in samples coated with 50% and 100% Aloe vera
extract (∼13.0%, TSS increased from 12.0 to 13.49 and 13.70,
resp.).

The findings of this study were similar to the results of
Ahmed et al. [13] and Marpudi et al. [15] who reported that
TA decreased and TSS increased with increasing storage time
in nectarines and papaya, respectively. Conversely, Song et al.
[14] declared that the storage period did not affect the TSS
of gel-coated apple slices. This result was confirmed by Bett
et al. [21], too. However, Saftner et al. [22] reported that the
TA decreased but TSS did not change with increasing storage
time in apple slices.

Generally, it is declared that the edible coating can
decrease gas permeability in slices’ surface leading to a
decrease in respiration rate, which could be responsible for
the lower change in TSS and TA in coated slices [12, 14, 18,
21]. It is reported that, during ripening, organic acids are
used as substrates in respiration metabolism, and thereby TA
would be decreased and pH and TSS would be increased.

In general, it seems that total soluble solid content tends to
increase over the storage period as a consequence of ripening
process [18, 23]. Respiration metabolism in fruit tissues
entails a progressive decrease in O2 and increase in CO2 over
time under all packaging conditions [18]. The reduction of
respiration rate has been observed in sweet cherry [12] and
kiwifruit [18] coated with Aloe vera gel.

Titratable acidity and pH variations of green tea coated
samples were higher than other samples followed by Aloe
vera coated slices (Figures 1(b) and 1(c)). However, higher
acidity of control and coated sampleswith gelatin in this study
might be contributed to higher microbial population and
therefore acid production by microbial flora in these samples
(6.44 logCFU/g for control, Figure 3). On the other hand, the
lower microbial counts of coatings containing antimicrobial
agents such as green tea orAloe vera extracts resulted in lower
acid production and therefore lower acidity in these samples.

3.2. Weight Loss. The weight loss is mainly associated with
moisture evaporation through the surface of fruit slices [24].
The rate of water loss depends on the water pressure gradient
between the fruit tissue and the surrounding atmosphere and
the storage temperature. Thus, the slicing of fruits makes
them susceptible to rapid water loss, resulting in shriveling;
but edible coatings are supposed to control the water loss
and therefore delay the phenomenon of weight loss in fresh-
cut fruits [3]. Perez-Gago et al. [25] claimed that coating
application did not reduce the weight loss in fresh-cut apples,
probably due to the high relative humidity in the atmosphere
of the packaged product. As shown in Figure 1(d), all samples
demonstrated a gradual loss of weight during storage. The
weight loss in uncoated orange slices was significantly greater
than those of coated samples during regular storage period.
The weight loss increased with time and the highest rate of
weight loss was observed in the control sample (6.72%). The
least rates (2.58% and 3.72%) were observed, respectively, in
the samples coated with 100% and 50% Aloe vera. Conse-
quently, the weight loss of orange slices coated with Aloe vera
gel was significantly lower than other samples (𝑝 < 0.05).
In this regard, the Aloe vera coating was more effective than
green tea and black tea coatings. Similar results were obtained
by Song et al. [14]. These authors reported that the weight
loss increased during storage, but the weight loss of the Aloe
vera gel-coated apple slices was significantly (𝑝 < 0.05)
reduced after 8 days of storage compared to the control. The
binding of Aloe vera gel molecules to the surface of apple
slices might reduce the porosity of apple slices, resulting in
lower water loss [14]. It is reported that Aloe vera gel reduces
the respiration rate, ethylene production, weight loss, and
therefore the softening of fresh-cut fruit textures [18].

Gelatin coatings show good barrier characteristics against
oxygen and aroma transfers at low and intermediate relative
humidity. However, they have poor barrier properties against
water vapor transfer due to their hydrophilic nature [9].
Therefore, to modify the poor water vapor barrier properties
of this protein film, a combined coating of gelatin with other
substances may be used.
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Figure 1: The variation of pH, total soluble solid (TSS), titratable acidity (TA), weight loss, and ascorbic acid content of coated fresh-cut
oranges during storage at 4∘C for 17 days. Error bars represent standard deviation between replicates (𝑛 = 3).
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3.3. Ascorbic Acid Content. Although ascorbic acid is critical
for the health, it should be noted that it is sensitive to
processing and is unstable during storage period. Thus, this
vitamin is often used as an indicator of the quality of fruits
and vegetables in the distribution chain [26].

The ascorbic acid variations in fresh-cut oranges are
shown in Figure 1(e). Statistical analysis showed that storage
period at 4∘C had a significant effect on the ascorbic acid
content (𝑝 < 0.05). In terms of ascorbic acid content, a
significant differencewas observed among coated and control
samples. The initial content of ascorbic acid in control sam-
ple (55.1mg/100mL orange juice) reached 42.1mg/100mL
after 17 days of storage at 4∘C, which had the highest
reduction among different treatments; meanwhile the lowest
reduction was found in the coated samples with 100% Aloe
vera, in which their ascorbic acid contents reduced from
55.29mg/100mL to 48.80mg/100mL after 17 days of storage.

These results are in good agreement with those reported
by other authors. In this regard, Plaza et al. [1] found
significant reduction in ascorbic acid content (19–24% for
ascorbic acid and 15–23% for total vitaminC) of whole orange
fruits, hand-peeled orange fruits, and manually separated
slices during 12 days of cold storage. However, there were
no significant differences between whole fruits, peeled fruits,
or slices at the end of refrigerated storage. Del Caro et al.
[27] also reported a significant reduction in ascorbic acid
content of citrus fruits slices during storage at 4∘C for 12
days. It should be noted that ascorbic acid is susceptible to
degradation by enzymes (ascorbate oxidase or peroxidase),
light, oxygen, heat, and peroxides [1]. Ascorbic acid is the
antioxidant present in fruits and vegetables and usually is
destroyed after processing [7]. The slicing of fruits and
vegetables induces oxidative stress, which implies a role of
ascorbic acid as antioxidant [26]. The L-ascorbic acid and its
oxidation product, L-dehydroascorbic acid, are biologically
active. Oxidation of ascorbic acid to dehydroascorbic acid can
occur by reactive oxygen species [26]. In our study, higher
levels of ascorbic acid in the coated sample than in control
can be attributed to good barrier characteristics of gelatin
against oxygen [9] and thus reduction of oxygen levels due
to respiration [18].

Despite green tea extract, increasing Aloe vera concen-
tration showed a protective effect on ascorbic acid content.
This can be attributed to the low gas permeability of Aloe
vera coating which inhibited the respiratory rate [28]. But
increasing green tea concentration had no significant effect
on the ascorbic acid content. However, Mart́ın-Diana et al.
[7] reported that increasing green tea concentration showed
a protective effect due to the antioxidant capacity of catechins,
avoiding ascorbic acid degradation.

3.4. Color Change. Color is an important factor in the per-
ception of fresh-cut fruits’ quality during their shelf life [25].
The oxidative degradation of ascorbic acid and nonenzymatic
browning are reported as the major deteriorative reactions
occurring during storage [29].

Figure 2 shows changes in the surface color of orange
slices stored at 4∘C for 17 days, as given by 𝐿∗, 𝑎∗, and

𝑏∗. Statistical analysis showed that 𝐿∗ (lightness/darkness),
𝑎∗ (redness/greenness), and 𝑏∗ (yellowness/blueness) color
indices significantly changed during storage. The reduction
trend of 𝐿∗ values in coated and uncoated samples occurred
at different rates during the storage (𝑝 < 0.05), showing
a darkening tendency in surface color of orange slices. 𝐿∗
value of samples was in the range of 48.19–48.50 on the first
day. The least reduction trend for 𝐿∗ was observed in the
coated samples with 50 and 100% Aloe vera (11.07 and 8.72%,
resp.) in contrast to control, which had highest 𝐿∗ reduction
(28.48%). 𝐿∗ reduction during storage can be related to the
occurrence of browning [7]. All of the coatings, especially
Aloe vera coatings, significantly delayed the decrease of 𝐿∗
color parameter showing a clear effect on maintaining color
attributes.

The color of orange slices in terms of CIE 𝑎∗ and 𝑏∗ values
showed no significant (𝑝 > 0.05) differences between the
coated and uncoated samples. In other words, no significant
differences were observed between all treatments during the
storage time. The initial values of 𝑎∗ and 𝑏∗ parameters were
about 2.35 and 24.20, which reached values ranging from
7.50 to 21.50, respectively, at the end of storage period. In
this regard, a significant increase in 𝑎∗ values and significant
decrease in 𝑏∗ values were observed in all treatments during
storage.

Color is a critical quality property of fresh-cut fruits,
since slicing of fruits may often lead to enzymatic browning
by polyphenol oxidases and peroxidases, which react with
phenolic compounds and cause surface browning [5, 23].

The color of orange slices and juice can be affected by
different mechanisms of nonenzymatic browning such as
degradation of ascorbic acid, acid-catalyzed degradation of
sugars, and Maillard reactions between reducing sugars and
amino acids [29]. Also, oxygen and light affect the rate
of carotenoid and ascorbic acid degradation. The decrease
in 𝑏∗ (yellowness) of orange is contributed to carotenoids
degradation [30]. Moreover, the ascorbic acid degradation
can mainly be attributed to oxygen which increases the
oxidative reactions and therefore the development of brown
pigments. Subsequently, the color changes may occur as a
result of brown pigments formation as well as the carotenoids
degradation [29].

Mart́ın-Diana et al. [7] reported that the browning levels
of coated lettuce increased with green tea extract concentra-
tions. In other words, increasing in green tea concentrations
decreased 𝐿∗ values. The amount of polyphenols present in
the green tea extracts might have favored quicker appearance
of browning. As green tea is a rich source of polyphenols,
it can act as a good substrate for browning-related enzymes
[7]. It is reported that application of an Aloe vera gel coating
is an effective method for maintaining the color of fresh-cut
apple slices, as the Aloe vera gel coating can act as an oxygen
barrier film, retarding the enzymatic browning. However, the
coating does not completely prevent oxidative browning [14].
Siripatrawan and Harte [20] declared that adding green tea
extract into chitosan film significantly affected 𝐿∗, 𝑎∗, and
𝑏∗ values of the film surface. Films without green tea extract
had higher 𝐿∗ values, while with addition of green tea extract
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Figure 2: Color parameters (𝐿∗, 𝑎∗, and 𝑏∗) changes of coated fresh-cut oranges during storage at 4∘C for 17 days. Error bars represent
standard deviation between replicates (𝑛 = 3).

from 0 to 20%, 𝐿∗ values decreased, while 𝑎∗ and 𝑏∗ values
increased.

3.5. Microbial Analysis. The total viable counts in the
fresh orange slices were ∼3.25 log CFU/g for total aerobic
mesophilic microorganisms and ∼2.20 logCFU/g for yeast
andmould.The total viable counts gradually and significantly
increased with storage time in all treatments (Figure 3). The
microbial population of coated sample with 1% gelatin was
higher than other treatments (3.22 and 6.44 logCFU/g at 0
and 17 days of storage, resp.), while samples coated with 10%
green tea extract had the lowest microbial count compared to
other treatments (3.27 and 4.17 logCFU/g on day 0 and day 17
of storage period, resp.). Unexpectedly, the bacterial counts in

slices coatedwith 1% gelatinwere higher compared to control.
Lower microbial population of samples coated with Aloe
vera and green tea extracts is contributed to antimicrobial
compounds of Aloe vera and green tea extracts [6, 18]. In
contrast, different concentrations of black tea had no effect on
bacterial populations. Furthermore, there was no significant
difference between samples treated with black tea and control
samples (𝑝 > 0.05).

Similar results were obtained for fungi counts, whereas
gelatin coating had the highest increase and green tea
extracts had the lowest increase in fungal population of
orange slices during storage. The fungi count had increased
from 2.15 logCFU/g to 7.16 and 7.60 logCFU/g in control
and samples treated with 1% gelatin, respectively, after 17
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Figure 3: Total aerobicmesophilic bacteria and fungi counts of coated fresh-cut oranges during storage at 4∘C for 17 days. Error bars represent
standard deviation between replicates (𝑛 = 3).

days of storage at 4∘C, while the least increase in fungi
population was observed in samples coated with 5% and
10% green tea extracts (4.50 and 3.94 logCFU/g, resp.). In
addition, no significant differences were observed between
black tea extracts and control sample (𝑝 > 0.05), indicating
that black tea extract had no antifungal effects. It should
be noted that Aloe vera and green tea extracts reduced
the microbial population, and this effect was enhanced at
higher concentrations of these extracts. In both cases, the
inhibition of growth was a function of Aloe vera and green
tea concentration.

The inhibition ofmicrobial growth presented in this study
was in good agreement with the antimicrobial effects of Aloe
vera coating in table grape [16], sweet cherry [12], apple slices
[11, 14], kiwifruit slices [17], and raspberry fruit [28] which
showed a reduction of mesophilic aerobic bacteria as well as
yeast and mould counts during storage.

Fresh-cut fruits are highly susceptible to pathogenic and
spoilage microorganisms during the preparatory steps as a
consequence of cross-contamination, the presence of a large
area of cut surfaces and juices, and sugars leakage from
damaged tissues [5]. The microbial growth on the surface of
coated apple slices showed significant differences between the
coated and uncoated samples, suggesting a biopreservative
function of the edible coatings [11]. Aloe vera extract was
reported to have antimicrobial functions, significantly reduc-
ing mesophilic bacteria, and to especially have antifungal
activity [12, 16]. Some individual components found in Aloe
vera gel, such as saponins, acemannan, and anthraquinone
derivatives, are known to have antibiotic activity and could
be responsible for its antibacterial activity [16].

Green tea is a rich source of polyphenols (mainly
catechins and catechin derivatives) that the antimicrobial

activity of green tea has been attributed to these compounds
[6, 7]. Black tea is the product of complete fermentation.
Fermentation of tea leaves causes a reduction in the con-
centration of catechins and their antimicrobial activities. In
general, antimicrobial activity decreased when the extents of
tea fermentation increased [31]. Matan et al. [6] confirmed
the antimicrobial activity in green tea extract on fresh-
cut dragon. The maximum yeast count of 6 logCFU/g for
nonthermal processed fruit is considered acceptable at any
point of fruit product shelf life [4]. In this study, the yeast
counts did exceed these levels for all samples at the end of
storage, except for slices treated with Aloe vera and green tea
extracts.

On the basis of our findings, the population of bacteria
was less than fungi at the end of storage period. It should be
noted that the susceptibility of bacteria to the antimicrobial
effect of Aloe vera and green tea appears to increase with
decrease in pH of the food [32], which is the case for orange
with acidic pH. Moreover, our results indicated that gelatin
might accelerate microbial proliferation, as the microbial
counts in the fruits treated with gelatin were even higher
than control samples. This may be due to the fact that gelatin
coating on orange slices is a source of protein with high
water activity which can be utilized bymicroorganisms at the
absence of antimicrobials present in tea andAloe vera extracts
and this layer is not present in control samples.

In the literature of fresh-cut fruits, the impact ofmicrobial
growth on TSS, AA, and pH has not been considered, and
the discussions are focused on physicochemical changes. In
this regard, microbial population might play an important
role. Therefore, Pearson’s correlation coefficient was used to
establish the relationships between the microbial growth and
some chemical parameters (Table 1).
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Table 1: Correlation coefficients between physicochemical and microbial quality parameters of orange slices stored at 4∘C on day 17.

Days pH TA TSS AA WL TPC TFC
Days 1.000 0.723∗∗ −0.239∗∗ 0.728∗∗ 0.849∗∗ −0.888∗∗ 0.848∗∗ 0.768∗∗

PH 0.723∗∗ 1.000 −0.225∗ 0.442∗∗ 0.480∗∗ −0.536∗∗ 0.304∗∗ 0.228∗

TA −0.239∗∗ −0.225∗ 1.000 −0.750∗∗ −0.486∗∗ 0.185∗ −0.146 0.177
TSS 0.728∗∗ 0.442∗∗ −0.750∗∗ 1.000 0.897∗∗ −0.726∗∗ 0.686∗∗ 0.464∗∗

AA −0.888∗∗ −0.536∗∗ 0.185∗ −0.726∗∗ −0.898∗∗ 1.000 −0.833∗∗ −0.797∗∗

WL 0.849∗∗ 0.480∗∗ −0.486∗∗ 0.897∗∗ 1.000 −0.898∗∗ 0.788∗∗ 0.817∗∗

TFC 0.768∗∗ 0.228∗ 0.177 0.464∗∗ 0.817∗∗ −0.797∗∗ 0.920∗∗ 1.000
TPC 0.848∗∗ 0.304∗∗ −0.146 0.686∗∗ 0.788∗∗ −0.833∗∗ 1.000 0.920∗∗

TA, titratable acidity; TSS, total soluble solids; AA, ascorbic acid;WL, weight loss; TPC, total plate count (aerobic mesophilic bacteria); TFC, total fungal count.
𝑝 < 0.01.
∗∗Correlation is significant at the 0.01 level (2-tailed).
∗Correlation is significant at the 0.05 level (2-tailed).

Interestingly, highly significant correlation coefficients
(𝑝 < 0.01) were found between microbial counts, TSS, pH,
AA, and weight loss. Significant correlation coefficients were
observed between microbial counts and TSS, suggesting that
microbial growth strongly affects the solubilization of high
molecular weight compounds. In general, microorganisms
on fresh-cut products fall in the category of bacteria, yeasts,
and moulds. As spoilage progresses, degradation of the high
molecular weight plant polymers is later brought about by
moulds and pectinolytic and cellulolytic bacteria. Fruit prod-
ucts undergo fermentative spoilage by lactic acid bacteria
or yeasts, resulting in the production of acids, alcohol, and
carbon dioxide and therefore higher TA and lower pH [33].
The higher acidity of control might result from its higher
moisture evaporation and therefore higher TSS. In fact, the
description of changes in physicochemical characteristics is
complicated, mostly due to the microorganism growth on
fruit slices.

3.6. Sensory Analysis. Fresh-like quality is an important
aspect in terms of consumer satisfaction, which is attributed
to the color, texture, taste, and aromatic properties of the
product [17]. Twelve panelists (6 males and 6 females) were
asked to assess the quality of orange slices stored at 4∘C
on days 1, 9, and 17. Figure 4 shows the quality attribute
scores (color, aroma, flavor, and overall acceptance) for the
examined samples.

50 and 100% Aloe vera coated slices as well as control
obtained the highest sensory scores from the viewpoint
of color and aroma and flavor. But the lower scores were
awarded by coated slices with green tea and black tea extracts.
The color evaluation of orange slices showed a significant
reduction over time,whichwas in consistencywith the results
of 𝐿∗ variations. Results showed that the overall acceptance
of the orange slices was significantly reduced during storage.
The highest overall acceptance was observed in 50 and 100%
Aloe vera samples followed by 10% green tea.The lowest score
of overall acceptance was given to control. The control and
coated samples with black tea extracts showed no significant
differences in terms of color and overall acceptance (𝑝 >
0.05). Except for green tea extract, with increasing Aloe vera

and black tea extracts concentration, the panelists did not
perceive any significant difference in sensorial quality at the
end of storage period.

Therefore, the panelists gave greater sensory scores to
aloe-coated orange slices compared to coated slices with
gelatin and green tea and black tea extracts at the end
of storage. Higher sensory quality of Aloe vera gel-coated
apple slices compared to uncoated ones was also reported by
Chauhan et al. [11] and Song et al. [14].

4. Conclusion

Edible coatings used in this study had considerable effects
on some quality attributes of fresh-cut oranges. All of the
gelatin-based coatings reduced weight loss, ascorbic acid
degradation, and color darkening. Coatings containing green
tea and Aloe vera extracts also preserved microbial quality,
whereas green tea was more potent. Sensory characteristics
were highly retained by Aloe vera coatings. The effects of
black tea-incorporated coatings were comparable to gelatin
coating and were not as effective as green tea and Aloe vera
treatments. Finally, it can be concluded that gelatin coatings
containing Aloe vera or green tea extracts have potential to
maintain the quality and extend the shelf life of fresh-cut
orange.

Additional Points

Practical Applications. Controlling the fresh quality and
microbial growth is a challenging problem of fresh-cut fruit
industry. Consequently, it is recommended to use edible
coatings (natural polysaccharides, proteins, and antioxidants)
to overcome the concerns of fresh-cut fruit storage. In recent
years, Aloe vera gel and green tea extract have been used in
different food types due to their health benefits. The growing
use, their health benefits, easy acceptance by consumers,
and their lower price in comparison with other substances
incorporated in coating materials made us assess the potency
of Aloe vera gel and green tea and black tea extracts for being
used in coatings of fresh-cut oranges. In this regard, higher
physicochemical and microbial qualities were achieved for
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Figure 4: Sensory attributes of fresh-cut oranges on days 1, 9, and 17. Scoring system of color, aroma, flavor, and overall acceptance from
extremely dislike (1) to extremely like (5).

samples coated withAloe vera and green tea extracts. It seems
that Aloe vera gel and green tea extract have the potency of
being used as edible coating in food industry.
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