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Current research aimed at studying the eﬀect of benzothiazole (BTH) on the fruit quality and resistance against Penicillium
italicum (P. italicum). Recently, a synthetically prepared novel BTH was introduced that elicits the induction of resistance against
various diseases of fruits. However, little was reported on the eﬀect of BTH on the disease resistance and fruit quality of
postharvest navel orange fruit. In this study, 50 mg·L−1 BTH signiﬁcantly reduced the decay rate of fruits during 36 days of storage
at 20 ± 0.5°C (P < 0.05). BTH markedly inhibited the weight loss rate in fruits (P < 0.05) and eﬀectively maintained higher soluble
solid content (SSC), titratable acid (TA), and vitamin C (VC) content compared with control navel orange fruits. Further, BTH
signiﬁcantly suppressed the increase of disease incidence and lesion area of orange fruits challenged with P. italicum (P < 0.05).
BTH treatment signiﬁcantly enhanced antioxidant capacity (DPPH, ABTS radical scavenging activity, and reducing power), and
superoxide dismutase (SOD) and peroxidase (POD) activities were signiﬁcantly increased, while the activity of catalase (CAT) was
opposite to the former (P < 0.05). The activities of β-1,3-glucanase (GLU), phenylalanine ammonia-lyase (PAL), and chalcone
isomerase (CHT) were signiﬁcantly higher in BTH-treated navel orange fruits (P < 0.05). Our results suggested that BTH
treatment may be a promising treatment for maintaining the quality and inhibiting blue mold of postharvest navel orange in
the future.

1. Introduction
Navel orange (Citrus sinensis L., Osbeck) is pretty popular
among the consumers worldwide and is a favorite fruit due
to its unique taste and high nutritional value. However, navel
orange is susceptible to pathogenic fungi. Penicillium italicum and P. digitatum, which cause blue mold and green
mold, are the major fungi [1, 2] and account for up to
60–80% of the total fungal decay during citrus fruit storage
[3, 4]. Postharvest diseases are being controlled through

multiple approaches speciﬁcally by applying synthetic
fungicides. However, the excessive and misuse of fungicides
caused resistance of pathogens against synthetic fungicides
and caused environmental degradation and human health
issues which led to a worldwide trend for exploring novel
natural alternatives with reduced or no side eﬀects. The
induction of the resistance using various biological, chemical, or physical means may become potential strategies for
controlling postharvest decaying of fruits [5]. Some exogenous compounds such as chitosan [6], salicylic acid [7],
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terpene limonene [4], and nitric oxide [8] have been used to
induce disease resistance of postharvest orange fruits. BTH is
a newly reported analogue of naturally occurring salicylic
acid (SA) reported in plants and is highly eﬀective for induction of systemic-acquired resistance (SAR) in plants to
protect from various microbial diseases. Moreover, it has
been reported as nontoxic to plants without any unpleasant
environmental impacts [9]. BTH exposure can induce resistance for diseases and even wound-mediated suberization
in fruits and vegetables such as muskmelon [10], banana
[11], strawberry [12], tomato [13], and potato [14, 15] and
eﬀectively reduce the occurrence of disease. However,
according to the authors’ knowledge, no study explained the
eﬃcacy of BTH for the control of blue mold in navel orange.
The current study aimed to examine how BTH aﬀects the
growth of postharvest green mold caused by P. italicum and
quality of navel orange fruits under storage. Decay rate and
fruits’ quality for 36 days of storage at 20 ± 0.5°C were investigated, and antioxidant capacity, antioxidant enzymes
activities, and disease resistance related enzymes activities in
navel orange fruits following inoculation with P. italicum
were also determined.

2. Materials and Methods
2.1. Navel Fruits and BTH Treatment. Navel orange fruits
(Citrus sinensis L. Osbeck cv. Newhall) were harvested from
the orchard in Ganzhou City, Jiangxi Province, China, at a
commercially mature period with a mean soluble solid
content (SSC) of 12 °Brix. Fruits of uniform size and free of
wound were picked out for the experiments. The navel
orange fruits were randomly classiﬁed in two groups (each
group comprised of over 300 fruits) and exposed with
50 mg·L−1 of BTH (containing 0.05% Tween-80) and
deionized H2O (control, containing 0.05% Tween-80) for
10 min. After that, the fruits were air-dried for further 2 h at
room temperature, and all navel oranges were packed in PE
bags (1 orange per bag) and were kept at 20 ± 0.5°C, 85%
relative humidity (RH) for 36 days.
Certain quality parameters were measured at 6, 12, 18,
24, 30, and 36 days after storage at 20 ± 0.5°C using 10 fruits
of each replicate. This measurement of newly picked navel
orange fruits prior to experimental studies was named as 0
day, and each treatment was replicated three times.
2.2. Decay Rate and Fruit Quality Parameters Assay. The
fruits decay process under room temperature storage
(20 ± 0.5°C, RH 85%–95%) was visually examined for 60
fruits in each treatment group. If there were visible decay
symptoms, fruits were considered to be decayed. The percentage decaying of the fruits was counted on every 6th day
of storage, and the decay rate of fruits was tabulated by
taking the percentage of the total number of fruits with
decayed fruits accounting the total number investigated.
The weight loss was deﬁned as the percentage of the
reduced weight to the initial weight of navel orange fruit
during storage. SSC of fruit juice was assayed by a hand-held
refractometer (ATAGO PAL-1, Tokyo, Japan) and expressed
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as °Brix. TA in fruit juice was assayed using the titration
method and expressed as a percentage of citric acid. Vitamin
C content was determined by spectrophotometric method
[16] and expressed as mg 100 g−1 FW.
2.3. Pathogen Preparation and Inoculation. A second experiment was then conducted to determine the lesion area
and inoculation infection rate. For this reason, fruits treated
with BTH or deionized water (as control) were inoculated
with P. italicum. P. italicum was isolated and puriﬁed from
infected navel orange fruits. The P. italicum was cultivated in
PDA medium at 25°C for a week, and then, spore suspension
(1 × 105 spores per milliliter) was prepared with sterile water.
Navel orange fruits were pierced at two opposite points
(3 mm deep × 3 mm wide) in the middle, and then, 10 μL of
spore suspension was injected in each wounded area. During
storage, the number of fruits with obvious disease symptoms
was recorded. Three replicates of 20 fruits in each group were
used for inoculation infection rate and lesion area determination. The pericarp tissue around the lesion of 10 fruits
per replicate was sampled, dipped into liquid nitrogen, and
stored at −80°C for further analysis. There were three replicates in each treatment.
2.4. The Decay Rate, Disease Incidence, and Lesion Area.
The disease incidence of navel orange challenged with
P. italicum was done by the percentage of the number of
infected wounds with decay accounting the total wounds per
replicate. The lesion diameter of the inoculated fruits was
measured by vernier caliper. The lesion area was calculated
as follows: lesion area � (mm2) � π × (d/2)2.
2.5. Determination of Antioxidant Capacity. Navel orange
samples (5 g) were added to 30 ml methanol solution and
extracted by ultrasonic assist for 40 min and then centrifuged at 13,000xg for 15 min. The supernatant was collected
to determine antioxidant capacity of navel orange fruit. 1,1diphenyl-2-picrylhydrazyl (DPPH) radical scavenging capacity, 2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) radical scavenging capacity, and reducing power
were determined by Sun et al. [17]. DPPH radical scavenging
capacity was measured at 517 nm. ABTS radical scavenging
capacity was measured at 734 nm. For determination of
reducing power, the absorbance was measured at 700 nm.
2.6. Assays of Enzyme Activities. 1.0 g of navel orange was
homogenized in 8 mL of 50 mM pH 7.8 PBS containing
0.8 g·L−1 polyvinylpyrrolidone (PVP) and 1 mM ethylenediaminetetraacetic acid (EDTA) and then centrifuged at
12,000xg for 15 min at 4°C. The supernatants were used for
the SOD, POD, and PPO activity assays. Frozen pericarp
tissue (1 g) was ground with 8 mL of 50 mM PBS, containing
2% PVP and 5 mM (dithiothreitol) DTT for CAT extraction.
SOD activity was assayed following the steps of Prochazkova
et al. [18]. CATand POD activities were assayed according to
previous report [17]. PPO activity was assessed following Liu
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Figure 1: Eﬀects of BTH on the decay rate during storage and disease incidence and lesion area of navel orange fruits challenged with
P. italicum at 20°C.
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Figure 2: Eﬀects of BTH on weight loss, SSC, VC, and TA contents of navel orange fruits under storage at 20°C.
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Figure 3: Eﬀects of BTH on antioxidant capacity of navel orange fruits challenged with P. italicum.
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Figure 4: Eﬀects of BTH on the activities of SOD, CAT, and POD of navel orange fruits challenged with P. italicum.

et al. [19]. SOD, CAT, POD, and PPO activity was expressed
as U·mg−1 protein min−1.
Frozen pericarp tissues were ground to ﬁnally powder
form in 8 mL of 50 mM precooled boric acid buﬀer (pH 8.8)
containing 0.5 g PVP, 5 mM β-mercaptoethanol, and 2 mM
EDTA for PAL extraction. PAL activity was assayed following the steps of Lu et al. [20]. Frozen pericarp tissue was
ground in 8 mL of 100 mM acetic acid buﬀer (pH 5.0)
containing 1 mM EDTA and 5 mM β-mercaptoethanol for
GLU and CHT extraction. GLU activity and CHT activity
were assayed as described by Chen et al. [2]. PAL activity was
expressed as U·mg−1 protein h−1. GLU and CHT are
expressed as U·mg−1 protein. Soluble protein content in all
enzyme extracts was determined following Bradford method
[21], using bovine serum albumin as standard.

2.7. Statistical Analysis. Data were analyzed with SPSS (18.0
version). The signiﬁcance of diﬀerence between the data was
determined by Duncan’s multiple range test.

3. Results
3.1. Eﬀect of BTH on Decay Rate of Navel Orange. The decay
rate of navel orange fruit increased with the extension of
storage time at room temperature storage (Figure 1(a)). BTH
treatment signiﬁcantly inhibited the decay rate of navel

oranges stored at 20°C (P < 0.05). At the 36th day of storage,
the decay rate of BTH treated orange fruit was only 6.67%,
which was a quarter of the control group.
3.2. Eﬀect of BTH on Disease Incidence and Lesion Area.
The lesion diameter had a gradual enlargement starting at
the third day after exposure to P. italicum. BTH signiﬁcantly
reduced the disease incidence (Figure 1(b)) and lesion diameters (Figure 1(c)) in navel orange fruit inoculated with
P. italicum compared with its respective controls (P < 0.05).
3.3. Eﬀect of BTH on Fruit Quality of Navel Orange.
During storage, weight loss increased in all groups, and weight
loss in BTH treated navel orange fruits was signiﬁcantly lower
than its control group after 12 days of storage (P < 0.05)
(Figure 2(a)). The SSC in all samples was initially increased
and then declined. Compared with the control, the navel
orange fruit treated with BTH showed signiﬁcantly higher
SSC after 18 days of storage (P < 0.05) (Figure 2(b)). TA
content increased slightly at ﬁrst and then decreased. The TA
content in the BTH-treated navel orange fruits was signiﬁcantly higher than that in the control group (P < 0.05) at the
early stage, and there was no signiﬁcant diﬀerence after 24
days of storage (Figure 2(c)). VC content of the navel orange
fruits in control gradually decreased. There was an increase in
BTH treated navel orange fruits on day 18 and VC content of
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Figure 5: Eﬀects of BTH on PPO, PAL, GLU, and CHT activities in navel orange fruits challenged with P. italicum.

the BTH treatment maintained signiﬁcantly higher VC
content after 18 days of storage (Figure 2(d)).
3.4. Eﬀect of BTH on Antioxidant Capacity. DPPH, ABTS
radical scavenging activity, and reducing power exhibited
a similar trend after inoculation and showed a sharp
increase initially and followed by a decrease (Figures 3(a)–
3(c)). The fruits exposed to BTH depicted signiﬁcantly
higher DPPH radical scavenging potential, ABTS radical
scavenging activity, and reducing power during storage
(P < 0.05).

3.5. Eﬀect of BTH on Antioxidant Enzymes Activities. The
changes of the activity of SOD, CAT, and POD activities in
navel orange fruits challenge with P. italicum are shown in
Figure 4. SOD, CAT, and POD activities in navel orange
initially arose in the storage period and then gradually
declined at later storage periods (Figure 4). The SOD and
POD activities reached the peak on day 4 after storage, but
BTH treated navel fruits reached the peak on day 2 and were
signiﬁcantly higher than those of control navel orange fruits
(P < 0.05). The activity of CAT in BTH treated navel orange
fruits was signiﬁcantly lower than that of control fruits
(P < 0.05).
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3.6. Eﬀect of BTH on Defense-Related Enzymes Activities.
The activities of PPO, PAL, GLU, and CHT in the navel
orange fruits challenge with P. italicum were initially increased and later were decreased (Figure 5). PPO activity in
BTH treated fruits was signiﬁcantly lower than its control on
the sixth day in storage (P < 0.05). The activity of PAL in the
BTH treatment signiﬁcantly higher than that of control
navel orange after four days of storage (P < 0.05), while GLU
and CHT activities were signiﬁcantly higher compared with
respective control after 48 hours of storage (P < 0.05).

4. Discussion and Conclusion
BTH was one of the inducers that were known to have
potential for application to induce SAR production in fruits
and vegetables [9]. In this current study, 50 mg·L−1 BTH
signiﬁcantly reduced the decaying rate of navel fruits during
20°C storage (P < 0.05). BTH signiﬁcantly inhibited weight
loss of navel fruits (P < 0.05) and eﬀectively maintained high
SSC, VC, and TA contents at the later storage. So, BTH can
reduce the decay rate and maintain quality of navel orange
during storage. Further, we used P. italicum-inoculated
navel orange fruits to investigate how BTH reduced the
decay rate of navel orange fruits.
ROS is a signaling molecule regulating plant disease
resistance against pathogens, and ROS accumulation can
inhibit pathogen infection by inducing hypersensitive responses (HR) [22]. However, high level of ROS can cause
oxidative damage, which might make tissues more susceptible to pathogens. Therefore, the existence of antioxidant
enzymes and nonenzymatic antioxidants plays an important
role in maintaining ROS at a nontoxic level. SOD, CAT, and
POD are crucial antioxidant enzymes that eﬃciently scavenge ROS [23]. BTH remarkably raised the SOD and POD
activities but had inhibitory eﬀects on CAT level (Figure 4).
Similar phenomena were also observed in chitosan treated
navel oranges [24]. Increasing of SOD and POD activities by
BTH may protect navel orange fruits cells against oxidative
damage. Herein, BTH depicted signiﬁcantly higher DPPH,
ABTS scavenging activity, and reducing power (Figure 3),
which is being considered as an additional mechanism involved in inhibiting the increase of disease incidence (Figure 1). Therefore, increasing of SOD and POD activities and
the higher antioxidant capacity in BTH treated navel orange
fruits help improve disease resistance capability.
The metabolic pathway of phenylpropanoid is quite
essential and provides multiple substances especially phenolics, lignin, and hundreds of ﬂavonoids directly with
disease resistance. POD, PAL, and PPO are crucial enzymes
taking part in phenylpropanoid pathway that leads to the
biological synthesis of lignin [25]. Anam et al. [26] had
found that an increase in POD and PPO activities in SA
treated citrus fruits, and there was a clear relationship between increased POD and PPO activities and disease resistance against blue mould in citrus species. BTH
signiﬁcantly enhanced PAL activity and POD activity
(Figures 3(a) and 2(d)), and it indicated that BTH induces
navel orange fruits resistance to diseases via improving the
phenylpropanoid metabolism pathway in this study. β -1, 3-
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glucanase (GLU) and chitinase (CHT) are two important
plant pathogenesis-related proteins [27] which can hydrolyze alone or synergistically to destroy fungal cell wall
structures and thus have direct antibacterial eﬀects. In this
study, BTH treatment signiﬁcantly increased the GLU activity and CHT activity in the navel orange fruits challenge
with P. italicum, and it indicated that enhancing disease
resistance related enzyme activities was also one of the
important mechanisms of BTH induced disease resistance in
navel orange fruits.
In summary, our results demonstrated that BTH had
promising eﬀects on improving resistance against postharvest
blue mold disease in navel orange. The elevated disease resistance in BTH treated orange fruits may be attributed to
enhanced antioxidant capacity and antioxidant enzyme activities to the ROS homeostasis, and BTH induced the key
enzymes activities in defense response. BTH may be a
promising treatment for maintaining the quality and inhibiting blue mold of postharvest navel orange in the future.
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