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Abstract: A novel coating based on 1.5% chitosan (CH), enriched with or without hairy fig (Ficus hirta
Vahl.) fruit extract (HFE), was applied to “Newhall” navel orange for improving the preservation
effect. Changes in physicochemical indexes were analyzed over 120 days of cold storage. Uncoated
fruit were used as the control. The CH-HFE coating, based on 1.5% CH enriched with HFE, exhibited
the best preservation effect and showed the lowest decay rate (5.2%) and weight loss (5.16%).
The CH-HFE coating could postpone the ripening and senescence of navel oranges, and maintain
higher fruit quality by inhibiting respiration, decreasing the accumulation of malondialdehyde
(MDA), and enhancing the activities of protective enzyme, including superoxide dismutase (SOD),
peroxidase (POD), chitinase (CHI), and β-1,3-glucanase (GLU), which suggests that CH-HFE coating
has the potential to improve the postharvest quality of “Newhall” navel orange and prolong the
storage life.

Keywords: chitosan; edible coating; hairy fig fruits; navel oranges; physicochemical responses

1. Introduction

“Newhall” navel orange (Citrus sinensis L., Osbeck) fruits enjoy great popularity in China and
around the world, for their good taste, abundant vitamin, C and widespread availability [1]. However,
there are serious problems restricting the sound development of citrus production. Postharvest losses,
frequent decay caused by a variety of plant pathogenic fungi, and a lack of scientific management, are
issues of concern that need to be solved; of these, postharvest decay is the biggest hurdle that needs
urgent resolution.

Pathogen infection is an important factor that affects citrus fruit postharvest physiology, disease
resistance, and metabolism. Blue and green mold of citrus, caused by Penicillium italicum and
Penicillium digitatum, respectively, are the most economically important postharvest diseases of citrus,
and cause heavy losses during storage, transportation, and marketing, thus debasing the commodity
value of harvested fruits [2]. The two Penicillium molds may cause 60%–80% decay losses under
ambient conditions [3], which leads to severe economic losses for exporting countries. At present,
the primary means for controlling of the two Penicillium molds still relies mainly on the use of
chemical fungicides, especially imazalil (IMZ), prochloraz, thiabendazole (TBZ), calcium polysulfide
pyrimethanil, or different mixtures of these compounds [4–7]. Increasing public concern of chemical
residues on human health and environmental pollution, due to excessive use of chemical fungicides,
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have prompted investigation of alternative strategies for reducing postharvest decay and maintaining
citrus fruit postharvest quality, without any human, environmental, or plant toxicity [8–10]. A variety
of plant-derived compounds have been recognized and generally regarded as safe (GRAS) substances
for their antifungal activities, and are being used for controlling postharvest fungal rotting of fresh
horticultural products [11–13]. In recent years, numerous researchers have documented the antifungal
effects of plant extracts or essential oils for reducing postharvest disease development caused by
pathogenic fungus, leading to heavy losses and serious deterioration of citrus fruits [14–17].

The hairy fig is a deciduous plant widely distributed in southern China as a traditional plant
resource used as medicinal and edible food by Hakka people. It is a clearly recognizable plant for its
five-fingered leaf shape and mature fruit that resembles wild peach (Figure 1). Moreover, the fruits
of hairy fig are a famous herb used by Hakka people in Chinese folk medicine for inhibiting tumor
growth, promoting lactation, as anticoagulant, and for improving fatigue resistance [18,19]. Currently,
our previous research demonstrated that HFE has strong antifungal activity against P. italicum and
P. digitatum in vitro conditions [20,21]. Not surprisingly, chitosan coating enriched with HFE provided
an enhanced antifungal activity, and it is likely that research will broaden the practicability of the
botanical fungicide. Development of antimicrobial/antioxidant coatings from polysaccharides, such
as chitosan, have been studied extensively, whereas few works have been conducted on developing
films using the combination of chitosan and natural plant extract-based antifungal components.
The purpose of this research was to evaluate the effect of chitosan coating enriched with or without
HFE for cold-stored navel orange preservation.
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2. Materials and Methods 

2.1. Materials 

Fruits of navel oranges (Citrus Sinensis L. Osbeck cv. Newhall), used throughout this study, were 
harvested at the peak of the harvesting season from an orchard situated in the southeast of Ganzhou 
city (Jiangxi, China). The fruits were picked on the basis of consistent size (240–280 g) and uniform 
color (citrus color index, 3.5–4.8). Fruits with any mechanical injury, blemish, or diseases were 
discarded. 

2.2. Extraction of HFE 

The fruits of hairy fig (origin: Guangdong, China) were purchased from Huafeng herbs store in 
Zhangshu (Jiangxi, China) and powdered in a grinder (less than 20 mesh) after drying below 40 °C. 
The HFE was obtained using an ultrasonic-assisted method, as described below [21]. The air-dried 
mixture of 100 g powder sample was suspended in 3.1 L 90% ethanol (v/v) at 51 °C with ultrasonic-
assisted extraction (40 kHz) for 65 min. The HFE was filtered and concentrated by vacuum distillation 
at 45 °C, using a Buchi rotary evaporator (R210, Buchi, Labortechnik AG, Flawil, Switzerland). The 
remaining solution was dissolved in sterile water and made up to 100 mL at a concentration of 1 g 
mL−1 (raw herb/solvent, w/v), then stored at 4 °C for further use. 
  

Figure 1. The (A) leaves and (B) fruits of hairy fig (Ficus hirta Vahl.).

2. Materials and Methods

2.1. Materials

Fruits of navel oranges (Citrus Sinensis L. Osbeck cv. Newhall), used throughout this study,
were harvested at the peak of the harvesting season from an orchard situated in the southeast of
Ganzhou city (Jiangxi, China). The fruits were picked on the basis of consistent size (240–280 g) and
uniform color (citrus color index, 3.5–4.8). Fruits with any mechanical injury, blemish, or diseases
were discarded.

2.2. Extraction of HFE

The fruits of hairy fig (origin: Guangdong, China) were purchased from Huafeng herbs
store in Zhangshu (Jiangxi, China) and powdered in a grinder (less than 20 mesh) after drying
below 40 ◦C. The HFE was obtained using an ultrasonic-assisted method, as described below [21].
The air-dried mixture of 100 g powder sample was suspended in 3.1 L 90% ethanol (v/v) at 51 ◦C
with ultrasonic-assisted extraction (40 kHz) for 65 min. The HFE was filtered and concentrated by
vacuum distillation at 45 ◦C, using a Buchi rotary evaporator (R210, Buchi, Labortechnik AG, Flawil,
Switzerland). The remaining solution was dissolved in sterile water and made up to 100 mL at a
concentration of 1 g mL−1 (raw herb/solvent, w/v), then stored at 4 ◦C for further use.
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2.3. Preparation of CH-HFE and Chitosan Coatings

Chitosan solution (1.5%, w/v) was prepared by dissolving 15.0 g of chitosan (the degree of
deacetylation of 90%, Sinopharm Chemical Reagent Co., Ltd., Shanghai, China) in 800 mL of acetic
acid solution (0.5%, v/v). Crude HFE extract (35 mL) was put into the coating, with agitation for 1 h.
The pH of the solution was adjusted with 1.0 M NaOH to pH 5.4, and the total volume of the solution
was made up to 1000 mL. Chitosan coating of the same concentration (1.5%, w/v) was prepared in the
same way.

2.4. Navel Orange Treatment and Storage

The selected fruits were washed with tap water and air-dried at room temperature (25 ± 1 ◦C),
then coated by dipping in chitosan coating and/or HFE for 1 min (CH-HFE and 1.5% chitosan coating,
respectively), while the control group was dipped in 0.5% acetic acid solution (pH 5.4). After drying,
the coated, as well as control, fruits were individually film (18 cm × 15 cm, Lingqu fresh packaging
products Co. Ltd., Guilin, China)-packaged and pre-cooled (10–12 ◦C, 12 h). Finally, all fruits were
stored at 5 ± 0.5 ◦C, and 85%–90% relative humidity (RH) for 120 days. The procedures for the coating
and control group were performed three times of total 560 navel oranges per treatment. At each
sampling point (15, 30, 45, 60, 75, 90, 105, and 120 days), each replicates of 10 navel oranges were
randomly picked out from the coating and control group for analyzing total soluble solid (TSS) content,
titratable acid (TA) content, vitamin C (VC) content, total sugar content, respiration rate, MDA content,
as well as protective enzyme activities.

2.5. Measurement of Physicochemical Indexes

Fruit decay rate was visually evaluated using the same 80 navel oranges per treatment per
replicate, during the storage period of semi-monthly, and expressed as the percentage of rotted
fruits. Navel oranges with apparent disease spots were considered to be decayed. Weight loss was
measured by weighing the same 20 fruits during storage every 15 days, and the data are means of
20 samples ± SE.

TSS, TA, VC, and total sugar were analyzed after completely mixing the orange juice from 10 fruits
in the coated and control groups. TSS was measured using a V RA-250 WE digital brix-meter (KYOTO,
Tokyo, Japan) and expressed as a percentage. TA and VC were determined by titration with 0.1 M
NaOH, and 2,6-dichlorophenol indophenol, respectively. Total sugar content was measured using the
anthrone colorimetric method [22].

2.6. Assay of Respiration Rate and MDA Content

The respiration rate was determined based on a method described by our previous study [23]. Six
fruits, per treatment per replicate, were weighed before being sealed in an airtight plastic container
(internal diameter of 27.5 cm, 30.0 cm high) at 25 ◦C. The increased CO2 concentration in the container
was monitored by using a GHX-3051H infrared CO2 fruit and vegetable breathing apparatus (Jingmi
Scientific LLC., Shanghai, China). Respiration rate, measured by CO2 production, was expressed as
mg kg−1 h−1.

The MDA content in coating and control groups was measured according to the method of
Hodges et al. [24]. Pericarp tissues from 10 fruits were ground in a MM 400 frozen grinder (Retsch
GmbH., Arzberg, Germany), and 2.0 g of powder were homogenized in 25 mL of ice-cold 50 mM
phosphate buffer (pH 7.8) containing 1 mM EDTA and 2% (w/v) PVP, and centrifuged at 12,000 g (5804R,
Eppendorf, Hamburg, Germany) for 20 min at 4 ◦C. Afterwards, 2 mL of the collected supernatant was
mixed with 2 mL of 0.5% (w/v) thiobarbituric acid (TBA), and further incubated in boiling water for
30 min. After being cooled and centrifuged at 6000 g (5804R, Eppendorf) for 10 min, the absorbance of
supernatant was measured at three different wavelengths (450, 532, and 600 nm) using a M5 Multiscan
Spectrum microplate reader (Molecular Devices Corporation, Sunnyvale, CA, USA). The MDA content



Coatings 2018, 8, 445 4 of 12

was calculated according to the formula (6.452 × (A532 − A600) − 0.559 × A450), and expressed as
mmol g−1 frozen weight (FW).

2.7. Determination of Protective Enzymes Activities

Aliquots of powder (2.0 g) were homogenized with various ice-cold extraction buffers to prepare
extracts for assay of the following protective enzymes: 10 mL of 50 mM ice-cold phosphate buffer
(pH 7.8) containing 1 mM EDTA, 5 mM DTT, and 2% (w/v) PVP for superoxide dismutase (SOD, EC
1.15.1.1); 8 mL of 100 mM ice-cold phosphate buffer (pH 7.5) containing 1 mM polyethylene glycol
(PEG), 4% (w/v) PVP, and 1% (w/v) Triton X-100 for peroxidase (POD, EC 1.11.1.7); 10 mL of 100 mM
ice-cold sodium acetate buffer (pH 5.2) containing 5 mM β-mercaptoethanol, 1 mM PEG, 1 mM EDTA,
4% (w/v) PVP, and 0.5% (w/v) Triton X-100 for chitinase (CHI, EC 3.2.1.14) and β-1,3-glucanase (GLU,
EC 3.2.1.73). All homogenates were centrifuged at 12,000 g (5804R, Eppendorf) for 30 min at 4 ◦C.
The supernatants were then collected and used for the enzyme activity assays.

SOD activity was assayed by measuring its ability to inhibit the photoreduction of nitroblue
tetrazolium (NBT) according to the method of Sala and Lafuente, with slight modifications [25].
The reaction mixture consisted of 1.5 mL PBS (50 mM), 0.3 mL Met (130 mM), 0.3 mL NBT (0.75 mM),
0.3 mL EDTA-Na2 (0.1 mM), 0.3 mL riboflavin (20 µM), 0.1 mL enzyme extract, and 0.5 mL distilled
water in a total volume of 3.3 mL. The mixtures were illuminated by light (4000 Lx) for 20 min at 28 ◦C,
and the absorbance was then determined at 560 nm (UV-1800, Shimadzu, Tokyo, Japan). One unit of
SOD activity was defined as the amount of enzyme that would inhibit 50% of NBT photoreduction,
and expressed as U min−1 g−1 FW.

POD activity was based on the determination of guaiacol oxidation at 470 nm in the presence
of H2O2. Collected supernatant (100 µL) was mixed with 3.0 mL of 25 mM guaiacol and 200 µL
of 50 mM H2O2. Oxidation of guaiacol was determined at 470 nm for 3 min at 25 ◦C. One unit of
POD activity was defined as an increment of 0.01 in absorbance per minute at 470 nm, and expressed
as U min−1 g−1 FW.

CHI and GLU activities were assayed by the method described by Abeles et al. [26] using chitinase
and laminarin as substrate. One unit of CHI activity was defined as the amount of enzyme that
catalyzed the produce of 1 nmol of N-acetyl-D-glucosamine per hour at 585 nm, and expressed as U
h−1 g−1 FW. One unit of GLU activity was defined as the amount of enzyme that produced a reducing
sugar equivalent to 1 nmol glucose equivalents per hour at 540 nm, and expressed as U h−1 g−1 FW.

2.8. Statistical Analysis

Three biological replicates per treatments were done, and the effect of CH-HFE coating on
“Newhall” navel orange preservation was analyzed using variance analysis (p < 0.05). Duncan’s
multiple range test was used to determine the mean differences. The data are represented as the mean
with standard error (SE); these were calculated from physical and chemical experiments, which were
performed in three replications.

3. Results and Discussion

3.1. Decay Rate and Weight Loss

Decay rate is a distinctly important indicator that affects the preservation effect of horticultural
produces. As shown in Figure 2A, CH-HFE and 1.5% chitosan coatings delayed the appearance of
fungal infection in comparison to uncoated group, which started to decay from 60 days of storage.
Many of the uncoated orange fruits (10.4%) were rotten at the termination of storage, while fruits
treated by CH-HFE and 1.5% chitosan coating exhibited significantly lower decay rate than the control
group at the level of p < 0.05 (5.2% and 6.8%, respectively). As the data in Figure 2B show, for the whole
time of experiment, the percentage of weight loss in control group was higher than in both coating
treatments, with high weight loss (9.12%) of uncoated orange fruits at the end of storage. However,
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orange fruits treated with CH-HFE coating displayed the lowest weight loss at 5.16%, which was much
lower than that of 1.5% chitosan and control fruits throughout the 120-day storage period.Coatings 2018, 8, 445 5 of 12 
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Figure 2. Changes in decay rate (A) and weight loss (B) of navel orange fruits stored at 5 ◦C for
120 days. Bars indicate standard error of three replicates.

3.2. Fruit Quality

TSS, TA, total sugar, and VC were the key determinants of citrus fruit quality. Figure 3 showed
that the content of TSS, TA, total sugar, and VC varied within coated and uncoated groups as storage
progressed. As illustrated in Figure 3A,C, the content of TSS and total sugar increased continuously
during the early stage of storage, and decreased slightly in the subsequent storage period. The content
of TSS and total sugar in the control group reached the highest level at 30 days, while the content of TSS
and total sugar in coating groups reached their peaks at 60 days, and were delayed for 30 days more
than the control group. During the late 60 days of storage stage, the content of TSS and total sugar in
coated fruits was significantly higher (p < 0.05) than the control group. The TA content of all samples
fell greatly after 120 days of storage (Figure 3B), and the value was significantly higher (p < 0.05) in
CH-HFE-coated treated fruit, compared to 1.5% chitosan coating and the control group. During the
storage, the control group showed a greater TA loss. The low level of TA in the control group, relative
to coating treatments, suggested that the coating delayed ripening by providing a semi-permeable
film around the fruits. The CH-HFE and 1.5% chitosan-coated fruits showed a slight increase in VC
content during the first 30 days, reached their peak concentration (56.87 mg/100 g and 54.04 mg/100 g),
followed by a decline in the subsequent storage period, while the control group presented a gradual
decrease in VC content during the whole storage (Figure 3D). Under the storage conditions, the VC
content in CH-HFE coated fruits was significantly higher (p < 0.05) than 1.5% chitosan-coated and
control group fruits.

3.3. Respiration Rate and MDA Content

As illustrated in Figure 4A, the respiration rate decreased gradually, and reached its valley
value at 60 days after storage, and recovered in the subsequent storage period. The valley value in
coating-treated fruits was significantly lower (p < 0.05) than that in control group. During storage,
the respiration rate of CH-HFE-coated fruits was significantly lower (p < 0.05) than those with
1.5% chitosan coating and the control group.

MDA is the final product of lipid peroxidation, and its content has been used as one of the direct
indexes of cell oxidative damage [27]. As shown in Figure 4B, MDA content increased during storage,
and a significant difference was shown between the coating treatments and the control group. At the
end of the storage (120 days), the MDA content of CH-HFE, 1.5% chitosan, and control groups reached
their maximum (2.47, 2.85, and 3.25 mmol g−1, respectively). The MDA content of control fruits was
significantly higher than that of CH-HFE and 1.5% chitosan coatings, 23.7% and 12.3%, respectively.
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Figure 4. Changes in respiration rate (A) and malondialdehyde (MDA) content (B) of navel orange 
fruits stored at 5 °C for 120 days. Bars indicate standard error of three replicates, each consisting of 30 
randomly selected fruits. 
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(VC) content (D) of navel orange fruits stored at 5 ◦C for 120 days. Each value represents the mean ± SE
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3.4. Activities of Protective Enzymes

SOD, POD, CHI, and GLU were the main protective enzymes to alleviate lipid peroxidation and
delay fruit senescence. Figure 5 showed the activities of SOD, POD, CHI, and GLU varied within
coated and uncoated groups, as storage progressed. As illustrated in Figure 5A,B, the activities of
SOD and POD gradually increased to reach their peak, and then dropped quickly for the following
day. The activities of SOD and POD in the control group reached peak values at 30 days and 60 days,
while peak values of SOD and POD activities in coating groups were significantly higher (p < 0.05)
than the control group, and delayed for 30 days. Moreover, SOD and POD activities in the CH-HFE
coated fruits was significantly higher (p < 0.05) than those with 1.5% chitosan coating and the control
group, during the later stage of storage. The CHI activity decreased slightly during the first 30 days,
and then increased notably at the end of storage period (Figure 5C). The coated fruits had a relatively
high CHI activity, and the average activity of CHI of the CH-HFE and 1.5% chitosan-coated treatment
increased to approximately 1.30 and 1.19 times higher than that in the control group. The GLU activity
of all samples fell greatly after 120 days of storage (Figure 5D), and the value was significantly higher
(p < 0.05) in CH-HFE-coated treated fruit compared to 1.5% chitosan coating and the control group.
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4. Discussion

As a medicinal plant and food, hairy fig (Ficus hirta Vahl.) fruits have strong antifungal,
antioxidant, and antiseptic effects [28,29]. Our previous studies have been demonstrated that HFE
was able to significantly inhibit both P. italicum and P. digitatum in vitro [21,30]. In the present work,
we found that HFE had an abundance of antioxidants and more effective DPPH, OH, ABTS radical
scavenging activities, and Fe3+ reducing power than ascorbic acid in different solvent extracts (data
not shown). A similar result has been reported where the roots of Ficus hirta Vahl. showed prominent
anti-inflammatory activity [31]. A recent in vitro test has shown that HFE had a broad antifungal
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spectrum and high efficacy in controlling fungal growth of fungal pathogens, such as P. italicum,
P. digitatum, and Geotrichum citri-aurantii and Alternaria citri in citrus, Botryosphaeria dothidea, Phomopsis
sp., and Botrytis cinerea in kiwifruits, Alternaria alternata in pears, and Phomopsis vexans in eggplants [21].
HFE has been shown to be a natural and safe fungistat when applying to control blue mold in citrus,
and incorporated into alginate-based edible coatings to enhance Nanfeng mandarin preservation [28].
According to these results, there is no doubt that HFE can be safely used as a natural preservative for
horticultural products.

Decay rate and weight loss are the main distinctly important indicators that affect the preservation
effect of fresh fruit and vegetables, mainly due to postharvest diseases by pathogen infection, and the
loss of water caused by transpiration [32,33]. Edible coatings provide a semi-permeable film around
fruit, reducing disease incidence and depressing the rate of dehydration and respiration [28,34].
Coating “Newhall” navel oranges with CH-HFE is clearly effective in conferring a beneficial barrier
to pathogen infection and water loss; thus, the decreased rate of fruit decay and weight loss in
CH-HFE-coated fruit was evaluated during cold storage in this study. Our results are supported by
Shah et al. [35], where fruit rotting intensity and weight loss of Kinnow mandarin can be reduced
by coating with carboxymethyl cellulose (CMC) or guar gum-based coatings enriched with silver
nanoparticles. Apart from citrus fruit, chitosan-based coatings containing natural antifungal agents,
such as plant extracts or essential oils, have been effective at controlling the rate of fruit decay
and weight loss from other horticultural products, including strawberry [36–39], guava [40,41],
grape [42–44], tomato, and cucumber [45–47].

In general, TSS and TA, known as a respiration substrate, are continually consumed, and affect
firsthand the taste flavor of navel oranges. Meanwhile, VC is a nutritional component of citrus fruits,
and is also an important antioxidant which scavenges active oxygen. Due to the post-maturing action
of citrus fruit, the fruit quality of harvested “Newhall” navel oranges, after a certain period of storage
time, was improved, and the content of nutritional components were also increased. As the film acts
as a gas barrier, the respiration process slows down the consumption of nutritional components, thus,
coating treatment has a positive effect on the increase or maintenance of VC and other components [33].
In the present study, we found that the changes of CH-HFE and 1.5% chitosan coatings on nutritional
components, such as TSS, TA, and total sugar of “Newhall” navel oranges are probably due to the
slowing down of respiration, hence effectively delaying fruit ripening and senescence. It is shown by
us, that CH-HFE and 1.5% chitosan coatings result in a beneficial semi-permeable film surrounding
the fruit, modifying the internal atmosphere by elevating CO2 and/or reducing O2, and delaying the
degradation rate of nutritional components in navel orange fruits during the mid–later storage period.
Our results are in accordance with those of Chen et al. [23] and Shah et al. [35], where a slow decline in
TSS, TA, and VC was recorded in citrus fruits treated with CMC composite coatings. However, other
studies have demonstrated that the levels of total soluble solids and acidity, and flavor preferences in
“Navel” oranges and “Star Ruby” grapefruits treated with CMC/chitosan bilayer coating, were the
same as in the uncoated fruits [48].

Coated “Newhall” oranges generally had lower respiration rate than the uncoated fruits
(Figure 5A), likely due to the modification of internal atmosphere by elevating CO2 and/or reducing
O2 [28]. Similar observations have been reported by Arnon et al. [48], Chien et al. [49], Contreras-Oliva
et al. [50], and Xu et al. [51] in citrus fruits coated with chitosan-based edible coatings. In our research,
the incorporation of HFE into 1.5% chitosan coating formulation resulted in a significantly lower
respiration rate than 1.5% chitosan coating alone, and uncoated fruits, during the whole storage.
Similarly, the respiration rate of citrus fruits coated with CMC edible coatings containing clove oil,
Impatiens balsamina L. extract, and silver nanoparticles, has been shown to decrease, compared to
uncoated fruits [23,35,52].

In this present study, the activities of protective enzymes, such as SOD, POD, CHI, and GLU,
are enhanced by CH-HFE coating, which suggests that CH-HFE coating induces natural resistance in
“Newhall” orange fruit by activating the fruit’s antioxidant and defense-related system to control the
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level of reactive oxygen species (ROS) and delay fruit senescence (Figure 5A–D). Chen et al. [21,28]
and Zeng et al. [18] have also found that Ficus hirta Vahl. extracts have a powerful antifungal
activity against Penicillium spp. and abundant antioxidants, as well as inhibitory efficacy for HeLa
cells. Chen and co-authors also maintain that an alginate-based edible coating containing HFE can
significantly increase the activities of antioxidant and defense-related enzymes and enhance the
preservation effect of Nanfeng mandarin [28]. An advantage of the activities of protective enzymes
has been reported, previously, for navel oranges treated with a 1.5% CMC coating enriched with
Impatiens balsamina L. extract, strawberry treated with a 1.0% chitosan coating containing lemon
essential oil, guava treated with 2.0% sodium alginate and 1.0% chitosan coatings enriched with
pomegranate peel extract, and cherry tomato treated with a 1.0% chitosan coating incorporating
grapefruit seed extract [37,40,46,52]. Thus, our results may imply that these different protective
enzymes in the antioxidant and defense-related system may be collectively induced by CH-HFE
coating in navel orange fruits. The induced activities of protective enzymes may be a crucial part of
the mechanism of CH-HFE coating in enhancing disease resistance and prolonging storage-life for
navel orange preservation.

5. Conclusions

Edible coatings containing natural antifungal agents, such as plant extracts and essential oils, are
being used widely to enhance the preservation effect of horticultural products by prolonging their
storage life. In this study, our work indicates that the application of plant extracts, such as hairy fig fruit
extract (HFE) with chitosan, could enhance the postharvest quality of navel orange. A combination of
HFE into chitosan-based coatings not only resulted in a lower percentage of rotting fruits and weight
loss, but also in maintenance of good fruit quality of navel orange, by depressing the respiration rate
and, thereby, delaying fruit senescence. Moreover, protective enzymes, including SOD, POD, CHI,
and GLU in CH-HFE coating treatment, had obviously higher than those activities of the control group
or 1.5% chitosan coating alone. According to the results from this study, CH-HFE coating treatment
showed the best preservation effect for harvested “Newhall” navel orange. The probable preservation
mechanism of CH-HFE coating of navel oranges is mainly through reducing the percentage of fruit
decay, weight loss, and MDA content, depressing the respiration rate, and maintaining a high level of
fruit quality and protective enzymes. In short, our work indicates that CH-HFE coating has become a
natural and safe alternative treatment for enhancing postharvest quality and prolonging the storage
life of navel orange.
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