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Abstract: Ground cherry (Physalis pubescens L.) is a kind of berry fruit favored by consumers in China; however,
this fruit is particularly vulnerable to physiological senescence and pathogen attack during the traditional cold storage
period. In order to maintain storage quality, a 1.5% (w/w) chitosan (CS) water solution containing 50 mg/L of natamycin
(NA) was introduced. After all treatments were completed, the fruit was stored at 0 °C and sampled every 10 d. At each
sampling date, the following tests were performed: mold and yeast analyses; enzyme activity and content analyses
which included superoxide dismutase (SOD), ascorbate peroxidase (APX), and malondialdehyde (MDA); and color
analysis. In addition, a sensory evaluation was carried out for quality assessment at the end of the storage period. The
results showed that the application of a chitosan coating combined with natamycin (CSNA) enhanced the activity of
superoxide dismutase (SOD) and ascorbate peroxidase (APX), reduced the physiological rate of senescence, and
inhibited pathogen attack. Thus, CSNA treatment can maintain ground cherries at an acceptable level of storage

quality for 50 d.
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1 Introduction

The genus Physalis L. (Solanaceae) is for the
most part wild, but some species are cultivated in
countries such as Colombia, Mexico, China, Japan,
and recently Brazil (Afsah, 2015). Ground cherry
(Physalis pubescens L.) is one of the species and it is
cultivated mainly in Northeast China. There are many
other informal names in Chinese such as “gu niao”
and “mao suan jiang”. Its fruit is characterized by a
spherical berry with a diameter between 1.25 and 2.50
cm, which turns from green to yellow during the
ripening period. It is protected by a complete covering
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of a papery persistent calyx during its development
and ripening (Luchese et al., 2015). The ripe fruit
tastes sweet with a slightly acidic and pleasant flavor,
and therefore ground cherry has been accepted as a
fashionable, healthy, and nutritional fruit in recent
years in China (Ji et al., 2013). However, it is difficult
to preserve the fruit for any length of time due to the
physiological senescence and pathogen attack that
commonly occurs during storage.

In order to maintain storage quality, some
measures must be taken to protect the fruit from
physiological senescence and pathogen attack, and
therefore a chitosan (CS) coating with natamycin (NA)
was introduced. Chitin is a natural polymer found in
the exoskeleton of crustaceans and insects, as well as
in the cell walls of certain fungi, particularly zygo-
mycetes (Moussa et al., 2013). CS is ordinarily pro-
duced by the deacetylation of chitin in a concentrated
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alkali solution (Sabaghi et al., 2015). CS has been
widely used in the preservation of many fruits, such as
grapes (Gao et al., 2013), walnuts (Sabaghi et al.,
2015), and strawberries (Perdones et al., 2012), to
name a few. A CS coating has been considered the
most edible and biologically safe preservative coating
for various types of foods because of its lack of tox-
icity, and its biodegradability, film-forming proper-
ties, and antimicrobial action (Pasquariello et al.,
2015). The CS coating can form a thin film on the
fruit surface, which can protect the fruit from patho-
gen attack and hinder oxygen and carbon oxygen
exchanges between the inner fruit and outside at-
mosphere (Genskowsky et al., 2015). Moreover, CS
can also induce the activity of various antioxidant
enzymes to enhance the defense mechanism of the
fruit’s cell (Pasquariello et al., 2015).

With regard to ground cherry storage, another
problem is the issue of pathogen attack on the fruit
surface. Based on previous assays, we have found that
the main pathogens to affect ground cherry during
storage are molds, such as black mold, hairy mold,
and blue mold. Ground cherry fruit is a succulent
berry with a thin surface, so it is more vulnerable to
these kinds of pathogen attacks. Pathogens release
mycotoxins and enzymes such as cellulose and pec-
tinase, which will degrade the fruit surface and cell
wall and accelerate the process of senescence (Soli-
man et al., 2015; Salem et al., 2016). Therefore, NA
was introduced to inhibit pathogen attacks by acting
as a kind of fungicide from the polyene macrolide
group. It is colorless, odorless, tasteless, and has a
broad specificity against molds and yeasts. NA can
bind to the ergosterol in the fungal cell membrane so
as to induce cell death. In addition, NA can also form
micelles at relative low solution concentrations,
which, however, are very effective in inhibiting fun-
gal cells. Moreover, it has a low water solubility,
around 30-50 mg/L (Moatsou et al., 2015). Together
with some coating materials, NA has been widely
applied in the area of cheese preservation (Moatsou
et al., 2015), and some fruits and vegetables such as
Hami melons (Cong et al., 2007) and mushrooms
(Akata et al., 2015).

As mentioned, NA has a low water solubility and
its primary site of activity is on the surface of the fruit.
Therefore, the application of NA usually requires
certain coating materials as a carrier, such as gum

arabic (Akata et al., 2015), tapioca starch (Olle Resa
et al., 2014), polymer films (Hanusova et al., 2010),
or CS (Fajardo et al., 2010). In this study, CS was
applied as a carrier for NA as well as an edible film
coated on the surface of the fruit. We studied the
effects of CS combined with NA on the storage qual-
ity of ground cherry.

2 Materials and methods
2.1 Fruit samples

Fresh ground cherry fruit were harvested when
ripe in a commercial orchard located in Hailun County,
Heilongjiang Province, China, and then transported to
a laboratory in Tianjin by airplane within 24 h at
ambient temperature. After arrival, the fruit in the best
condition were selected and the ones whose size or
appearance were abnormal due to injury, mold, or
infection were eliminated. The selected fruit were
then placed in a pre-cooling room at 0 °C for 24 h.
Before experimental treatment, the persistent calyx
on all samples was removed and then the berries were
sanitized by immersion in chlorinated water (200 pl/L)
for 2 min.

2.2 Experimental materials

All reagents and solvents were of analytical
grade and were purchased from a local commercial
reagent company, except for some special reagents.
Food-grade CS, with an approximately 95% degree of
deacetylation, was purchased from Haidebei Marine
Bioengineering Co., Ltd. (Jinan, China). The NA at
95% purity was purchased from Freda Biotechnology
Co., Ltd., China. The method for the CS coating
containing NA (CSNA) solution was based on
Sabaghi et al. (2015) with a slight modification. The
CSNA solution was prepared by dissolving 1.5 g of
CS and 5 mg of NA in 100 ml sterilized distilled water
containing 1% (w/w) acetic acid and 2% (v/v) Tween 80,
using moderate magnetic stirring at room temperature
for 1 h to achieve complete dispersion. The prepara-
tion for the CS coating solution was the same as the
CSNA solution except that no NA was added.

2.3 Experimental treatments

All experimental treatments were performed in
the pre-cooling room (0 °C with 90% relative humidity
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(RH)). After the sterilized samples were drained, they
were randomly divided into three groups for treat-
ment: CSNA, CS, and the control groups. The sam-
ples from the CSNA, CS, and the control group were
immersed in the corresponding solutions (control
group was immersed in sterilized distilled water) for
2 min, and then removed to drain. After each treat-
ment was completed, the fruit samples were pack-
aged (1 kg/bag) and sealed in a polyethylene
(200 mm lengthx300 mm widthx30 pm thickness)
plastic bag and then stored in a cold room at 0 °C and
90% RH.

2.4 Mold and yeast analyses

The pathogens that affect ground cherry during
storage are mainly molds. Therefore, mold and yeast
analyses were performed according to ISO 21527-2-
2008 (International Organization for Standardization,
2008). Ten fruit were randomly sampled in each
treatment and used for the mold and yeast analyses.
All samples were weighed and then mashed with a
sterile mortar, after which a series of decimal dilu-
tions were conducted. Then, 1 ml of sample dilution
was inoculated on the plate surface. All plates were
cultivated at 25 °C for 5 d. The results were expressed
in terms of log colony-forming unit (CFU)/g.

2.5 Color analysis

The external color of the fruit was evaluated with
a chroma meter (CR 300, Konica Minolta Sensing,
Inc., Osaka, Japan) equipped with a CR 300 measur-
ing head and the results were expressed as l*, a*, and
b". Generally, [ represents luminosity, depending on
the reflectivity of the determined surface; ¢ and b"
represent chromaticity on a green (—) to red (+) axis
and chromaticity on a blue (—) to yellow (+) axis,
respectively. Measurement was carried out with four
sites in the equatorial of each sample, and 10 fruit
were used per treatment. The chroma meter was cal-
ibrated with a standard white tile (1*197.06, a*:0.04,
and b*:2.01) before each series of measurements.

2.6 Enzyme extraction and activity assays
2.6.1 Superoxide dismutase activity

As described by Lu et al. (2015), the superoxide
dismutase (SOD) activity of the samples was meas-
ured with a total SOD (T-SOD) detection kit (Nanjing
Jiancheng Biological Engineering Inst., China). There

were three replicates for each sample. The tissues
from the samples were homogenized in a chilled
20 mmol/L Tris-HCI buffer (pH 7.1), and the ho-
mogenates were centrifuged at 1000 r/min for 20 min
at 4 °C, then the supernatant fraction was used to
determine activity following the manufacturer’s in-
structions. Thus, 50 pl of this supernatant fraction was
used to determine SOD activity, according to the
calculation formula from the manufacturer’s instruc-
tions based on absorbance values. The result was
expressed in terms of U/g.

2.6.2 Ascorbate peroxidase activity

Ascorbate peroxidase (APX) activity was
measured according to the method described by Ullah
et al. (2016) with a slight modification. The sample’s
tissue was homogenized in a chilled 50 mmol/L potas-
sium phosphate buffer (pH 7.5), and the homogenate
was centrifuged at 1000g for 10 min at 4 °C; the su-
pernatant fraction containing a crude APX enzyme
then began reacting at 25 °C in a 1-ml medium that
included 50 mmol/L, pH 7.5, potassium phosphate,
0.5 mmol/L ascorbate, and 0.1 mmol/L H,0,. We
then monitored the decrease in absorbance at 290 nm
for 1.5 min. One APX unit was defined as the amount
oxidizing 1 umol of ascorbate per minute at 25 °C.
The result was expressed in terms of U/g.

2.7 Determination of malondialdehyde content

Malondialdehyde (MDA) content was evaluated
by high-performance liquid chromatography (HPLC),
according to Li et al. (2013). In brief, the liquid
nitrogen-frozen samples were homogenized with
7.5% (v/v) trichloroacetic acid (TCA), and then
centrifuged at 5000 r/min for 5 min. Thus, the ex-
tracted MDA reacted with 0.02 mol/L 2-thiobarbituric
acid (TBA) and formed a kind of chromogen, after
which the chromogen was injected into the HPLC for
further analysis.

The chromatographic conditions were as follows:
C18 reversed phase HPLC column (5 pm, 250 mmx
4.6 mm, Agilent Technologies, Palo Alto, CA, USA);
column temperature, 35 °C; mobile phase, 0.05 mol/L
potassium dihydrogen phosphate water solution-
acetonitrile (82:18, v/v); flow rate, 1.0 ml/min; de-
termination wavelength, 532 nm; injection volume,
10 pl. The limit of detection (LOD) and limit of
quantification (LOQ) for the method were determined
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as 4 and 8 pg/kg of the sample, respectively. The
result was expressed in terms of pg/kg.

2.8 Sensory evaluation

Sensory evaluation was carried out to investigate
the storage quality. After the storage period ended, in
a manner described by Pasquariello et al. (2015), we
stored the samples at 20 °C for 3 d to analyze the
quality of the shelf life and the sensory evaluation was
conducted using a nine-point category scale, which
was based on appearance, color, visible structural
integrity, and taste (Hernandez-Munoz et al., 2006).
The sensory score ranging from 1 (dislike very much)
to 9 (like very much) was used to mark the overall
storage quality. For each treatment, 10 fruit were
randomly selected for sensory evaluation, which was
performed by 10 trained members.

2.9 Statistical analysis

All evaluations excluding the sensory evaluation
were performed in triplicate every 10 d, and the first
day of storage was defined as Day 0. All values were
expressed as meantstandard deviation (SD). The
difference between two treatments was analyzed by
SPSS Version 19.0 software (SPSS Inc., Chicago, IL,
USA). The result was considered significantly dif-
ferent if the P value was <0.05.

3 Results and discussion
3.1 Effects of different treatments on log CFU/g

Previous assays have demonstrated that the main
pathogens affecting ground cherry fruit storage are
molds, some of which can release enzymes such as
cellulose and pectase, as well as some mycotoxins,
which may accelerate the senescence process in the
fruit (Matan et al., 2015). Therefore, it is important to
inhibit these pathogens to maintain the fruit storage
quality.

In the mold and yeast analyses, Day 0 was de-
fined as the day when the samples had completed the
pre-cooling process and before each treatment was
conducted. As shown in Fig. 1, the log CFU/g values
for all treatments varied at different rates. For the
control group, the log CFU/g value was both con-
stantly and significantly increased on each sampling
date; especially from Day 30, the increased rate was

higher and some very small pathogen colonies were
visible on the surface of the sampling fruit according
to the sensory evaluation, which showed that simplex
cold storage cannot inhibit some low-temperature-
resistant pathogens. For the CS and CSNA treatments,
however, compared with Day 0, the log CFU/g values
were both significantly decreased on Day 10, and the
value of the CSNA treatment was decreased more
than that of the CS treatment, which showed that both
CS and NA can inhibit pathogens (mold and yeast);
the differences between the CS and CSNA treatments
were still significant on the subsequent sampling
dates, especially during the later sampling dates. The
log CFU/g value for the CS treatment was 3.26 on
Day 50, while the CSNA was 2.04. The results
showed that although CS can inhibit pathogens
(Ramezani et al., 2015), simplex CS cannot maintain
this inhibitory effect for a greater length of time, and
CS combined with NA performs better than the single
CS treatment.

—a— Control —&— CS —&— CSNA

log CFU/g
w

n 1 n
0 10 20 30 40 50

0 1 N 1 N 1

Storage period (d)

Fig. 1 log CFU/g values for the samples during storage

3.2 Effects of different treatments on external
color

Color is an important nutritional and commercial
indicator of proper fruit storage. External fruit color
depends on the pigment compounds it contains. These
compounds can be degraded depending upon many
variables such as temperature, light, time, and oxygen
during storage (Aral and Bese, 2016). In addition,
physiological senescence and pathogen attack can
also cause color degradation (Roidoung et al., 2016).
As mentioned, this color analysis was based on l*, a*,
and b analyses, in which I', a", and b" represent
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brightness, redness (+) or greenness (—), and yel-
lowness (+) or blueness (—), respectively (Ayour et al.,
2016). As shown in Fig. 2a, the [ values for all
treatments were decreased during storage, and all of
them decreased faster in the latter half of the storage.
However, there were significant differences in the /"
values between each two treatments from Day 20 of
the storage, and the reduction in /" values for CSNA
were the smallest with the lowest decrease rate. On
the other hand, the reduction in [" values for the con-
trol group were the greatest with the highest decrease
rate compared with the other two treatments. How-
ever, for the a valuesin Fig. 2b, we can see that the a’
values for all treatments increased with a faster rate
during storage, while the ¢ value for the control
group increased to the highest among all the treat-
ments at the end of storage. However, regarding the
CSNA treatment, its @~ value was significantly lower
than those of the CS and control groups during stor-
age. Moreover, the trends in the 5" values were simi-
lar to the /” values (Fig. 2¢). From these three graphs,
we concluded that compared with the control group
and the single CS treatment, the CSNA treatment can
slow the decrease in /" and b values and the increase
in a" values during storage, thus maintaining the lu-
minosity, greenness, and yellowness of the fruit sur-
face. On the other hand, the color of fresh ground
cherry is golden, which means the more luminosity,
greenness, and yellowness there is, the better the
fruit’s appearance is going to be. Moreover, antho-
cyanins give color to fruits and vegetables and they
also possess various biological activity including
reactive oxygen species (ROS) scavenging activity.
Thus, their contents are related to pathogen attack and
some enzyme (such as SOD, APX) activity. We con-
cluded that the CSNA treatment can maintain a better
color quality for ground cherry than the other two
treatments.

3.3 Effects of different treatments on SOD and
APX activity

ROS are a series of substances in fruit cells that
include O,", H,0,, HO,', and OH" (Berto et al., 2015).
ROS are related to some biochemical reactions in fruit,
and the ROS levels will increase to defend the fruit
cells when the fruit is stressed by negative circum-
stances or factors such as pathogen attacks, mechan-
ical injury, or chilling injury, but high levels of

80 (a)
751+
70+
=~ 65+
60 -
—=— Control
| ——CS
%5 —a— CSNA
50 1 1 1 1 1 1
0 10 20 30 40 50
Storage period (d)
14+ b
—=— Control (b)
1l Cs
—a— CSNA
10+
‘o
8t
6
4 B -+
2 1 1 1 1 1 1
0 10 20 30 40 50
Storage period (d)
60
55
50 F
. 45t
Q
40 +
351 _a—Control
—e—CS
30r —a—csna
25 1 1 1 1 1

0 10 20 30 40 50
Storage period (d)

Fig. 2 Effects of different treatments on the I (a), a (b),
and b" (c) values during storage
Error bars indicate standard deviations (n=3)

ROS will, in turn, hurt the normal cells (Gundala et al.,
2014; Ptackova et al., 2015). Therefore, some enzymes
are involved in protecting the normal cells by scav-
enging ROS so as to maintain the ROS in cells at
relatively reasonable levels. SOD and APX are two
kinds of ROS scavenging enzymes (Kim et al., 2015).

By catalyzing the dismutation of toxic oxygen
(radical superoxide), SOD can reduce the toxic oxy-
gen to H,O, and molecular oxygen (O;). Although
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H,0, is still a kind of ROS, APX is involved in the
detoxification of H,O,, using ascorbate as an electron
donor to reduce H,O, to H,O (Sarowar et al., 2005).
As shown in Figs. 3a and 3b, in the process of
physiological metabolism, accumulation of substrates
can incite the activity of responding enzymes ac-
cording to Pasquariello et al. (2015). For the control
group, the SOD activity and APX activity were both
significantly increased to reach a peak on Day 20.
However, for the CS and CSNA treatments, their
SOD and APX activity increased to a peak on Day 30,
which was later than the control. Moreover, compared
with the control group, the SOD and APX activity for
the CS and CSNA treatments were both significantly
higher on Day 20, which shows that CS induces an
effect on both SOD and APX activity. There were
insignificant differences between the CS and CSNA
treatments in both SOD activity and APX activity
from Day 0 through Day 30; however, compared with
the CSNA treatment, both SOD activity and APX
activity for the CS treatment were significantly

60
(@)
50
2
2 40t
o
X
> 30f
2
(% 20 +
o
8 —a— Control
10 —e—CS
—a— CSNA
0 1 1 1 1 1 1
0 10 20 30 40 50
Storage period (d)
40
(b)
30+
&
2
2
> 20r
©
©
X
&
10r —a— Control
—e—CS
—a— CSNA
0 L L L L L L

0 10 20 30 40 50
Storage period (d)

Fig. 3 Superoxide dismutase (SOD) (a) and ascorbate
peroxidase (APX) (b) activity of the samples during storage
Error bars indicate standard deviations (n=3)

reduced after Day 30. According to Fig. 1, the patho-
gen attacks in the CS treatment were significantly in-
creased after Day 30, which may cause the increase in
ROS as well as the decrease in SOD and APX activity.

3.4 Effects of different treatments on MDA content

MDA is one of the most common reactive al-
dehydes, most of the activity of which results from the
oxidative degradation of polyunsaturated fatty acids
(PUFAs) of a cell membrane; its content is an indi-
cator of membrane integrity (Luengwilai et al., 2014).
MDA is also thought to be involved in the deteriora-
tion of various biological functions through its at-
tachment to biomolecules such as proteins and nu-
cleic acid (Yamauchi et al., 2008). As shown in Fig. 4,
there were insignificant differences (P>0.05) in the
MDA content between each two treatments on both
Day 0 and Day 10, but a significant difference emerged
between the CSNA and the control group from Day 20.
Comparing the CS with the CSNA and control groups,
respectively, there were insignificant differences on
Day 20. The MDA content of the control group in-
creased rapidly on the following sampling dates and
reached a peak at (90.93+1.98) pg/kg on Day 40 and
then was reduced to (77.40+£2.90) pg/kg on Day 50,
while for the CS and CSNA treatments, compared
with Day 0, their MDA contents were constantly
increased to about three-fold and two-fold, respec-
tively, on Day 50. The results show that CS can de-
crease the accumulation of the MDA content, and CS
combined with NA has a better decreasing effect on
the accumulation of MDA.

100

—#— Control —e— CS —— CSNA

[e2] (o]
o o
T T

MDA content (ug/kg)
S
o

N
o
T

0 10 20 30 40 50
Storage period (d)

Fig. 4 Malondialdehyde (MDA) content of the samples
during storage
Error bars indicate standard deviations (n=3)
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3.5 Effects of different treatments on the sensory
score

Sensory evaluation is a direct indicator of stor-
age quality and commercial value (Phat et al., 2016).
Thus, we stored the samples at 20 °C for 3 d after the
storage ended to assay the storage quality during shelf
life. As shown in Fig. 5, there were significant dif-
ferences between any two sensory scores for the
treatments based on storage quality. For the control
group, the sensory score was the lowest at 1.2+0.3,
which suggests the worst flavor or taste, appearance,
and aroma. Compared with the samples on Day 0, the
CSNA samples show little deterioration in quality,
and their sensory score was the highest at 7.6+£0.4 on
Day 53. For the CS treatment, the sensory score for
these samples was between the CSNA treatment and
the control group at 5.4+0.5. The results show that the
CSNA treatment can maintain a better storage quality
for a longer period of time than the CS treatment.

10

3 ;
o L b
g © T
(2]
Py
g 4t
C
[0
n

2+ c

Control CS CSNA

Experimental treatments

Fig. 5 Sensory score of the samples on Day 53 during
room temperature storage

Error bars indicate standard deviations (#=3). a, b, and ¢ rep-
resent statistically significant differences between different
treatments

4 Conclusions

This study showed that the storage quality of
ground cherry is associated with physiological se-
nescence and pathogen attack. In order to maintain
storage quality, a CS coating with NA was applied,
because CS can induce several defensive genes and
enzymes in plants (Pichyangkura and Chadchawan,
2015), which can slow the deterioration in quality by
reducing oxidative stress. Moreover, when a CS film

is formed on the surface of the fruit, it can protect the
fruit from pathogen attack. Moreover, NA, acting as a
fungicide, was introduced in combination with CS for
a longer pathogen-resistant effect. Thus, a CSNA was
proven to work as a valid tool in maintaining the
storage quality of ground cherry.
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