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Abstract The development of edible coatings has been
lauded with respect to their safety and effectiveness. In this
study, we researched the effects of edible coatings (2%
CaCl,, 1% chitosan and 1% pullulan) on the nutrient
content and antioxidant abilities of jujube (Zizyphus jujuba
Miller cv. Dongzao). Using the new analysis technique for
order of preference by similarity to ideal solution (TOP-
SIS), we evaluated the effects of these coatings. Compared
with the control fruit group, test results showed that coating
treatment significantly delayed fruit senescence. Specifi-
cally, CaCl, treatment not only maintained fruit storage
quality and antioxidant activity but also restrained the
production and accumulation of malondialdehyde in
jujube. Chitosan treatment delayed decreases in secondary
metabolites and superoxide dismutase and catalase activity.
Pullulan coatings performed better in terms of proantho-
cyanidin and cyclic adenosine monophosphate (cAMP).
We also used TOPSIS to evaluate the preservation effect of
different film coatings and found 2% CaCl, to be the best
treatment for jujube, followed by 1% chitosan and 1%
pullulan. Based on the appropriate materials and concen-
tration of the film coatings, edible coatings have the
potential to retain the quality and antioxidant capacity of
the Chinese jujube cv. Dongzao.
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Introduction

The jujube is an evergreen shrub and tree of the buckthorn
family. The Zizyphus species (Rhamnaceae family) is
indigenous to China where its history of cultivation goes
back more than 4000 years. There are many species of
Chinese jujube, including ‘Jinsixiaozao’, ‘Junzao’,
‘Dongzao’ and ‘Budaizao’, among others. Chinese jujubes
are rich in phenolics, flavonoids, organic acids, sugar,
cyclic adenosine monophosphate and ascorbic acid [1]. Not
only do the edible tissue (peel and pulp) extracts of jujube
have high antioxidant activity, but its seeds are a source of
flavonoids and potent antioxidant activity [2]. Some
researchers have reported higher immunological activity in
the water soluble polysaccharides of ripe jujubes [3].
Chinese jujubes (Zizyphus jujuba Miller) are commonly
used in folklore medicines in the treatment of various
diseases for their anticancer, antiepileptic, anti-inflamma-
tory and neuroprotective effects in cells, animals and
humans [4]. Gao et al. [5] provided a reference for jujube’s
other medicinal uses, its potential for drug applications,
and food interactions.

Zizyphus jujuba Miller cv. Dongzao is very perishable
and highly susceptible to postharvest colour fading,
browning, decay and water loss [6]. As such, effective
storage and preservation are essential to preserve its quality
and nutrient values. Currently, synthetic chemical fungi-
cides are the primary means for controlling postharvest
diseases in jujube fruit in China [7], but there is growing
public concern about the adverse impact of synthetic
chemical fungicides on human health and the environment.
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Carbohydrate-based edible coatings are being inten-
sively investigated [8]. These coatings can control the
internal gas atmosphere of fruit and minimize its respira-
tion rate [9]. Semi-permeable chitosan coatings protect
food from fungal decay and modify the atmosphere within
the fruit [10]. Studies have reported that the pre- and post-
harvest application of chitosan can effectively control the
decay of table grapes [11] and extend the shelf lives of
tomatoes [12] and blueberries [13]. Treatment with
exogenous calcium increases the calcium levels in fruit and
decreases the respiration rate, as well as the rates of
ethylene production and pectin degradation [14]. Calcium
dips have been used to reduce postharvest physiological
disorders in mangoes [15]. Madani et al. [16] investigated
the use of calcium on papaya fruit, which resulted in
greater firmness, thus reducing the incidence and severity
of anthracnose disease. Pullulan is synthesized from starch
by the ubiquitous fungus Aureobasidium pullulans, which
mainly consists of maltotriose units interlinked by 1-6
glycosidic bonds [17]. The pullulan film is colourless,
transparent and has low oil and oxygen permeability
[18, 19]. Xu et al. [20] found that edible pullulan films
composed of optimum  formula  (Pul: SA:
SPI = 0.08:0.165:0.755) could extend the shelf life of
kiwifruit by a factor of three.

In this study, we investigated the effects of postharvest
coating treatments with calcium chloride, chitosan and
pullulan on the storage quality, bioactive compounds and
antioxidant capacity of Chinese jujube cv. Dongzao har-
vested at white maturity to provide reference for the
improved storage of Chinese jujube cv. Dongzao.

Materials and Methods
Fruits, Treatments and Storage

We performed experiments on the white-stage Chinese
jujubes (Z. jujuba Mill. cv. Dongzao) grown in a com-
mercial orchard in Cangzhou, Hebei Province, China. We
selected fruits for their uniformity of size, ground colour
and freedom from defects and mechanical damage. After
harvesting, we immediately transported the fruits to Tianjin
Agricultural University and then randomly distributed
them into four groups of 400 fruits each. We assigned three
groups to the three treatments and retained the fourth as a
control. As in our previous studies [21, 22], we chose
different concentrations of the three coating materials:
(a) 2% calcium chloride, (b) 1% chitosan and (¢) 1%
pullulan. We also immersed the control samples in deion-
ized H,O. The fruits were allowed to dry for 2 h at room
temperature and were then sealed in polyethylene (PE)
bags and put into cold storage (at 0 °C and 85-90% relative
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humidity). We tested 40 fruits every 15 days in each of the
three groups.

Storage Quality
Fruit Firmness and Titratable Acid (TA)

We measured the firmness of fruit using a GY-I firmness
tester with a 3.5-mm diameter head (Mudanjiang, China).
We used the titration method to determine the presence of
the titratable acid (TA), as anhydrous citric acid [10].

Weight Loss and Redness Index

To determine the weight loss associated with each treat-
ment, we weighed eighty fruits using a digital scale [10]. All
experiments were replicated in triplicate. We gave different
scores based on the total red area of the fruit, where 0: 0%,
1: <1/4, 2: <1/2, 3: <3/4 and 4: >3/4 of the fruit was red.
We developed redness index scoring as follows:

Redness index (% )

> _score x the fruit number of the score

1
5 % 80 x 100%

(1)

Freshness and Softening Rates

We measured the freshness and softening rates by
counting the number of fresh fruits, as defined by having
good flavour, colour, a glossy peel and no decay or
browning.

Determination of Bioactivity
Measurement of TSS and Ascorbic Acid

We measured the total soluble solid (TSS) content using a
handheld refractometer (Fisher Scientific, Ottawa,
Canada). To measure ascorbic acid, we immediately
homogenized tissue in 100 mL of 2% oxalic acid solution
and then filtered it. The filtrate was then assayed by 2,6-
dichlorophenolindophenol titration [17].

Measurement of cAMP and Total Polysaccharides

We performed adenosine 3’, 5'-cyclic monophosphate
(cAMP) analysis using an Agilent 1260 infinity high-per-
formance liquid chromatography (HPLC) system with a
UV-Vis detector (Agilent Corp., Chicago, IL, USA)
monitored at 254 nm. We ground 3 g of fresh tissue with
15 mL distilled water and boiled it for 30 min three times.
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We then centrifuged the extracts at 20,000g for 5 min and
combined and standardised the filtrates to 50 mL for assay.
We passed the extracts through a 0.45-pum polytetrafluo-
roethylene (PTFE) filter and used a Venusil MP C18 ana-
lytical column of 4.6 mm X 250 mm x 5 pm (Bonna-
Agela Technologies Inc., Wilmington, DE, USA) at room
temperature. The injection volume was 15 pL and the flow
rate was 1.0 mL/min. The volume ratio of the mobile phase
methanol to 20 mmol/L potassium dihydrogen phosphate
was 20:80.

Next, we skimmed a fresh sample (15 g) with petroleum
ether for 1 h, and then pretreated the residue twice with
80% ethanol, as well as ultrasound for 30 min to remove
oligosaccharides and other coloured or small molecular
substances. Then we ultrasonically extracted the pretreated
samples for 1.5 h with distilled water (90 °C) twice. We
then brought the supernatants to a final volume of 250 mL
and stored them at —40 °C until use. We measured the total
content using the phenol—sulfuric acid colorimetric method
[23]. We calculated the polysaccharide content based on
the equation for the standard curve.

Measurement of Secondary Metabolites

We ground 2 g of fresh tissue with 80% methanol and
sonicated it for 30 min three times. We then pooled and
evaporated the supernatants under vacuum at 45 °C and
standardised the evaporated filtrate to a final volume of
25 mL with 80% methanol. We stored all extracts in the
dark at —20 °C until use.

We measured the proanthocyanidins content using the
vanillin assay method [24] and assayed the total triterpene
content according to the procedure reported in Ni et al.
[25]. We prepared crude extracts of total polyphenol and
total flavonoids as proanthocyanidin, which we analysed
using a modified Folin—Ciocalteu colorimetric method
[26]. We determined the total flavonoids using the colori-
metric assay method [27]. We express the proanthocyani-
din contents as catechin equivalents in mg/100 g FW, the
total triterpene contents as ursolic acid equivalents in mg/g
FW, the total polyphenols contents as gallic acid equiva-
lents in mg/g FW and the total flavonoid contents as rutin
equivalents in mg/g FW.

Antioxidant Enzyme Activity

We performed enzyme extraction in an extracted buffer
containing 50 mmol/L of sodium phosphate buffer (pH
7.8), 3 mmol/L EDTA and 0.5% insoluble
polyvinylpolypyrrolidone (PVPP), along with some modi-
fication of the method, as described in Kochhar et al. [28].
For the SOD, CAT and peroxidase (POD) enzymes, we
homogenized 2 g of frozen ground tissue using a precooled

mortar and pestle in 8 mL of the extracted buffer described
above. For the ascorbate peroxidase (APXs) [29], we
ground 2 g of flesh tissue with the extracted buffer to
which 0.6 mmol/L of ascorbic acid had been added. After
homogenization, we centrifuged the extract at 12,000g at
4 °C for 30 min and collected the supernatant for assay.
We assayed the enzyme according to the method described
in Yan et al. [30] and determined the presence of SOD,
CAT and POD according to the procedure described in Lee
et al. [31].

Antioxidant Capacity Assays
DPPH Scavenging Activity

We evaluated the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
free radical scavenging capacity of the jujube extracts
according to a previously reported protocol [32]. Next, we
blended 0.1 mL of the jujube extracts with 3 mL of the
prepared DPPH- reagent solution, left them to react in the
dark for 30 min, and detected them at 517 nm against a
methanol blank. We express the DPPH scavenging activity
as millimoles of Trolox equivalent per 100 g of fresh
weight (mmol Trolox eq./100 g FW).

ABTS Scavenging Activity

We assayed the 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid) (ABTS) scavenging ability according to a
method described in Ref. [32]. We reacted 7 mmol/L of
ABTS and 20 mmol/L of sodium acetate buffer (pH 4.5)
(V:V = 1:1) to create a stable radical solution after 12 h of
incubation in the dark. We then diluted the test solution to
an absorbance of 0.7 £ 0.01 at 734 nm. The reaction
mixtures contained 50 pl. of extract and 3 mL of test
solution. We assessed the absorbance of the mixture after
1 min of reaction time.

FRAP Determination

We performed the ferric reducing ability of plasma (FRAP)
assay according to the method reported in Ref. [5]. We
mixed the samples (1 mL) with 2 mL of 0.2 mol/L phos-
phate buffer (pH 6.6) and 2 mL of 1% potassium ferri-
cyanide. After incubation in a 50 °C water bath for 20 min,
we added 2 mL of 10% trichloroacetic acid. Then, we
moved 1 mL of the above mixture to a test tube and added
and thoroughly incorporated 0.2 mL of 0.1% ferric chlo-
ride and 1 mL of distilled water. After incubation in the
dark for 30 min, we measured the absorbance at 700 nm.
We express the results as milligrams of vitamin C equiv-
alent antioxidant capacity per 100 g fresh weight (mg
vitamin C eq./100 g FW).
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Measurement of MDA

We assayed the MDA content according to the method
reported in Ref. [33] with some modification. We deter-
mined the absorbance at 532 nm and corrected for
unspecified turbidity by subtracting the absorbance of the
same at 600 nm.

C(umol/L) = 6.45 x (OD532 — OD@O()) — 0.56 x ODys9
(2)

Statistical Analysis

We replicated the coating experiments three times under
each experimental condition, and then examined the data
obtained from our analysis of variance (ANOVA) and
TOPSIS analyses. We used the statistical software program
SPSS 19.0 for Windows (Version 14) to determine the
parameters, and we expressed values as means + standard
deviations. We compared significant differences using
Duncan’s new multiple range tests and determined the
level of statistical significance to be 95%.

Results
Storage Quality
Firmness and TA

Reduction in firmness was significantly inhibited by the fruit
coating treatments (Fig. 1a). Firmness in the control fruit
began declining and occurred significantly faster than in the
coating-treated fruit after 30 days (p < 0.01), but we found no
significant difference between calcium-treated and chitosan-
treated fruit stored for 75 days. The firmness of the calcium-
treated fruit (7.45 x 10° Pa) was significantly higher than
that of the control fruit (5.04 x 10° Pa) and the chitosan-
treated fruit (6.02 x 10° Pa) at the end of the storage period.
During cold storage, we observed a slow increase of TA
in the jujube (Fig. 1b). TA in the control fruit increased up
to 45 days and then declined rapidly. However, TA of the
coating-treated fruit increased for 75 days and there was a
significant (p < 0.05) difference in TA between the control
and coating-treated fruits. TA in the control sample
decreased to 0.09% at the end of the storage period.

Weight Loss, Redness Index, Freshness-Keeping Rate
and Softening

As shown in Fig. lc, the control fruit lost significantly more
weight than the coating-treated fruit (p < 0.01). When the
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weight loss rate reached 0.85% on day 60, the fruit began to
wilt. After day 60, the weight loss rate in the control fruit
significantly sped up, which coincided with the softening of
the fruit. The weight loss rate reached 3.2% in the control
group, which was about 2.6 times higher than that of the
coating-treated fruit at the end of the storage period, for
which fruits treated with calcium chloride, chitosan and
pullulan were just 1.06, 1.17 and 1.28%, respectively. Con-
sequently the best freshness-keeping effect was realized by
calcium chloride, followed by chitosan and pullulan.

During storage, appearance of the jujubes underwent a
series of changes (Fig. 2). After 60 days, the freshness of
the fruit in the control group began to decrease rapidly,
whereupon the softening and redness index rapidly
increased (Fig. 1d—f). The amount of inedible fruit totalled
more than 50%. In contrast, the coating-treated fruit
maintained its freshness and quality, except for those
treated with pullulan. At day 105, there was 26.25% fresh
fruit in the control group, but about 68% in the calcium-
and chitosan-treated fruits. We infer that the pullulan
concentration was too high for Chinese jujube cv. Dong-
zao. On the other hand, as a polysaccharide, pullulan may
promote fruit reddening. There was a significant difference
between the control and coating-treated groups (p < 0.01).
These results indicate that edible coatings have a signifi-
cant effect on the storage quality of the jujube.

Bioactive Compounds
Total Soluble Solids and Ascorbic Acid

As shown in Fig. 3a, the TSS increased as the fruit ripened.
Upto 60 days, the TSS was significantly (p < 0.05) higher in
the control fruit than in the coating-treated fruit. A sharp TSS
decline occurred in the control sample after storage day 60
and the TSS content then decreased to 7.64%. However, the
decline of TSS was delayed by about two weeks in the
coating-treated fruit and its content was above 8.5%.

The edible coatings demonstrated the best effect on the
maintenance of the ascorbic acid content (Fig. 3b). We
observed no significant difference between the control and
coating-treated fruit before 30 days (p > 0.05). After that
the vitamin C (Vc) content in the treated samples was
significantly higher than in the control group (p < 0.05),
especially in the calcium-treated fruit (p < 0.01). The Vc
content in the control fruit decreased rapidly due to the
faster rate of senescence, whereas the Vc content of coat-
ing-treated fruit was 1.45 times higher.

cAMP and Polysaccharide Contents

In this study, in the initial storage stage, the total
polysaccharide content increased and reached a peak in the
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Fig. 1 Effect of coating treatments on storage quality of the jujube a firmness, b TA, ¢ weight loss, d redness index, e freshness-keeping rate and

f softening

control and calcium-treated fruit (2.18, 1.89 mg/g)
(Fig. 3c). As the fruit matured, the polysaccharide content
continuously increased and that of the control fruit was
significantly higher than in the calcium- and chitosan-
treated fruit until day 90 (p < 0.05). We found no signifi-
cant difference between the three coating treatments
(p > 0.05). At the end of the storage period, the coating-
treated fruit showed a slight decline, but the content was
higher than in the control fruit. The cAMP content
increased during cold storage (Fig. 3d). In the initial stage
of storage, the cAMP content slightly increased in all the

samples. As the fruit ripened, there was a higher cAMP
content in the control fruit. After 60 days, the cAMP
content of the control fruit accelerated and became sig-
nificantly higher than that in the cotaing-treated samples
(p < 0.05).

Plant Secondary Metabolites Content
We next investigated the plant secondary metabolite con-

tents, including phenolics, total flavonoid, proanthocyani-
din and triterpenoid, as presented in Fig. 4. We observed
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Fig. 2 Effect of coating treatments on jujube fruit

similar trends in the secondary metabolites, except for
proanthocyanidin, in the control and coating-treated fruit.
Specifically, the phenolics, total flavonoid and triterpenoid
contents continuously decreased with ripening, but they
sharply declined in the control fruit and were lower than in
the coating-treated fruit during storage. At day 75, the
phenolics content in the control fruit decreased to 5.59 mg
GAE eq./g, whereas the content in the chitosan-treated fruit
was 6.466 mg GAE eq./g. After 75 days of storage the
flavonoid content tended to stabilise (about 25.54 mg RE
eq./g). The content slightly increased in the calcium-treated
fruit (41.47 mg RE eq./g). The secondary metabolite con-
tents in the coating-treated fruit were significantly higher
than in the control fruit (p < 0.05).

Figure 4d shows the observed proanthocyanidin con-
tent. In the initial storage stage, the proanthocyanidin
content slightly increased in all the samples and there was
no significant difference between the control and coating-
treated fruit (p > 0.05). The rate of increase accelerated
after 30 days, however, the content in the control fruit
was higher than that in the coating-treated samples
(p < 0.05).

@ Springer

Activity of Related Enzymes

On the whole, SOD activity increased during initial storage
but declined at the end of the storage period (Fig. 5a).
There was a rapid change in SOD activity in the control
fruit, but it remained stable in the coating-treated fruit.
Ultimately, the SOD activity of the coating-treated fruit
was significantly higher than that of the control fruit
(p < 0.05), which indicates that edible coating treatments
may promote SOD activity and maintain high enzyme
levels.

The CAT activity in all fruit groups decreased (Fig. 5b).
During storage, CAT activity declined continuously and
that in the control fruit was significantly lower than in the
coating-treated fruit. The CAT activity decreased from
0.19 to 0.06 U/(min g) and the rate of decline slowed after
30 days. In addition, the CAT activity in the pullulan-
treated fruit was significantly higher than in the control
fruit (p < 0.01). There was no significant difference
between the calcium- and chitosan-treated fruits
(p > 0.05).

POD activity in the jujube increased up to storage day
30 and then decreased (Fig. 5¢). The POD activities of the
control and chitosan-treated fruits were significantly higher
than in the other two coating-treated fruits (p < 0.05).
During storage, the activity in the coating-treated fruit was
lower than in the control fruit.

The APX activity in the jujube increased sharply during
the initial 60 days of storage and then declined until the
end of the storage period (Fig. 5d). We observed no sig-
nificant difference between the control and coating-treated
fruits (p > 0.05).

Antioxidant Capacity

Next, we observed antioxidant activity (DPPH, ABTS,
FRAP and MDA) during storage and found different pat-
terns of activity changes for different antioxidants. The
DPPH of the control fruit was lower than in the coating-
treated fruits throughout the storage period, as shown in
Fig. 6a. Jujube stored at 0 °C showed an increasing trend
of DPPH activity up to 45 days and then declined in the
control fruit. We observed no significant difference
(p > 0.05) between the control and coating-treated fruits.
The DPPH activity in the coating-treated fruit began to
decline at day 60, about two weeks later than in the control
fruit. The jujube treated with pullulan exhibited the highest
DPPH activity at day 60.

Generally, we observed similar change patterns in the
control and calcium-treated fruits (Fig. 6b). We observed a
drop in ABTS activity on day 15, but the activity of the
control fruit was significantly higher than in the treated
fruit (p < 0.05). This activity declined again and was
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65.089 mmol/L Trolox eq./100 g on day 105. In contrast to
the control fruit, on day 90 we observed an increase in the
chitosan- and pullulan-treated fruits. Thus, we concluded
that film coatings had no significant effect on ABTS
activity for jujube stored at 0 °C.

FRAP activity decreased during storage and there was
no significant difference between the control and coating-
treated fruits (p > 0.05) in the first 15 days of storage
(Fig. 6¢c). The FRAP activity ranged from 305.42 to
141.75 mg Vc eq./100 g in the control fruit. At the end of
the storage period, the FRAP activity in the coating-treated
fruit was higher than in the control fruit (p < 0.05).

We observed a continuous increase in the MDA content
in both the control and coating-treated fruits (Fig. 6d).
However, the coating-treated fruit significantly inhibited
the increase in MDA (p < 0.05). On the 45th day of stor-
age, the MDA content of the control fruit was 5.245 pmol/
g FW, which was significantly higher than that of the

coating-treated fruit (p < 0.05). Coating treatments inhib-
ited MDA accumulation, especially calcium chloride
treatment. The MDA contents of the calcium-treated and
chitosan-treated fruits were about 24 and 13% lower,
respectively, than the control fruit at the end of the storage
period.

Comprehensive Evaluation of Different Coatings

Based on our TOPSIS analysis results, we determined the
following composite score order for the different jujube
treatments (Fig. 7): 2% calcium chloride > 1% chi-
tosan > 1% pullulan > control. These results indicate that
the use of film coatings is an efficient method for main-
taining the storage quality of postharvest jujube and that
TOPSIS analysis is an efficient ranking method for use as a
data-based foundation for manufacturing companies to
make optimal coating selections.
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Discussion

Edible coatings can form a transparent film that inhibits
water loss, limits respiration, and defends against fungal
disease. Chitosan has two main characteristics—film-
forming and bacteriostasis—which cause it to stimulate
beneficial enzymes and inhibit harmful compounds in fruit.
Therefore, it has a better fruit preservation effect in terms
of enzymes. The application of chitosan-coating treatment
to Indian jujube fruit has shown to have beneficial effects
on the fruit’s firmness, rate of weight loss, TSS, ascorbic
acid and TA [10]. This may be due to the lowered respi-
ration rate and its inhibiting effect on spoilage organisms.
Chitosan coatings have also exhibited good effect on the
evolution of the colour characteristics and parameters of
fresh-cut mushrooms [34].

Calcium acts as an inter-molecular binding agent that
can stabilise pectineprotein complexes of the middle
lamella [35]. Exogenous calcium chloride treatments
improve fruit storage quality and protect some antioxi-
dants in fruit and vegetables by increasing their Ca®"
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content. Madani et al. [16] observed the higher firmness
effect of calcium in papaya fruit. In our previous study
[22], we found 2%-calcium chloride and 1%-pullulan
treatments to significantly decrease (p < 0.01) the pro-
duction of MDA in pears compared to control groups. In
this research, coating-treated jujube exhibited higher SOD
and CAT activities than the control fruit and the MDA
content declined significantly. This result agrees with that
of Kou et al. [22]. As such, we can conclude that fruit
treated with calcium chloride maintains its firmness and
good sensory qualities.

We also investigated plant secondary metabolites in this
study. The contents of phenolics, total flavonoids and
proanthocyanidins have been reported to decrease with the
fruit ripening process [36]. These change trends are con-
sistent with those reported for ‘Fuji’ apples [37] and the
total flavonoid contents in our experiment were higher than
those reported in Zhang et al. [2]. A comparison with ten
other kinds of jujube fruits [1] shows that the phenolic
content is highest in Dongzao jujube, but proanthocyanidin
and total flavonoid contents are lower. The DPPH and
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Fig. 5 Effect of coating treatments on antioxidant enzymes of jujube. a SOD, b CAT, ¢ POD and d APX

ABTS scavenging activities were ten times higher in our
study than those of the other ten jujube fruits, while their
reduction levels were lower than those of unripe apples
[37]. Our experimental results confirm that film coatings
can protect secondary metabolites and have a good
preservation effect on the Dongzao jujube. As reported by
Choi et al. [4], during ripening, fruit antioxidant capacity
declines. Despite this, the DPPH scavenging activities we
observed in the coating-treated fruits in our study were
significantly higher than those in the control fruit. In
summary, film coatings can enhance antioxidant activity in
jujube during cold storage.

In our previous study, we found 1%-pullulan treatment
to inhibit brown spot activity and prolong the shelf life of
‘Huang guan’ pears [21]. However, a different phe-
nomenon occurred in jujube fruit treated with pullulan
which had a high redness index and softening effect. We
infer that the peel of Dongzao jujube is thinner compared to
that of pears, so the pullulan concentration was relatively
high such that the carbon dioxide and ethylene could not be

released. In future studies, the effects of different concen-
trations of pullulan on fruit preservation will be important
issues to address.

Conclusions

Results from this study indicate that postharvest film
coatings (calcium chloride, chitosan and pullulan) during
cold storage can effectively inhibit increases in the
numbers of soft fruits, redness index scores, weight loss
rates and MDA, and reduce the loss of ascorbic acid and
freshness. The storage life was prolonged by enhancing
the number of defensive enzymes such as SOD and CAT
and increasing antioxidant activity in coating-treated fruit.
Furthermore, secondary metabolites (phenolics, flavo-
noids, triterpenoids and proanthocyanidin), cAMP and
polysaccharide were maintained at high levels in the
coating-treated fruit. In the long run, edible film coatings
may represent a safe method for preserving fruit and
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Fig. 7 TOPSIS scores of different coating films

vegetables. In the meantime, further study is required to
determine suitable concentrations and film materials for
different fruits and vegetables.
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