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ABSTRACT

The peppers which were treated at ice-temperature for 6 hours and 1 mmol/L spermidine for 10 min, followed by cold
storage (4°C £ 1°C) respectively were investigated. The results indicated that the chilling injury was delayed and re-
duced by ice-temperature and spermidine treatments. Comparing with control group, ice-temperature and spermidine
exerted significant effects on reduction of ascorbic acid (Vc) and chlororphyll contents, relatively high activity of su-
peroxide dismutase (SOD), accumulation of malondialdehyde (MDA) as well as the increase of cell membrane penetra-
bility. The results indicated that the spermidine and ice-temperature induced the activity of antioxidant enzyme SOD
and maintained higher defence-related compound Vc as well as lower levels of membrane lipid peroxidation, which
may be associated with chilling injury alleviation. There was a difference between ice-temperature treatment and sper-
midine treatment after 30 days. The results suggested that spermidine was more effective in reducing chilling sensitivity

and prolonging storage of peppers.
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1. Introduction

Polyamines (PAs), mainly diamine putrescine (Put), tri-
amine spermidine (Spd), and tetramine spermine (Spm),
are polycationic compounds of aliphatic nitrogenous base
with low molecular weight and high activities that are
present in all living organisms. Numerous researches in
squash [1], citrus [2-3], water spinach and cabbage [4],
pepper [5] suggested that polyamine had a close rela-
tionship with the chilling resistance of plants. Chilling
injury results in significant increases in Put levels in
many fruit, such as lemon, grapefruit, zucchini, eggplant
and pepper, suggesting that PAs could protect plants
from chilling injury due to their ability to preserve mem-
brane integrity [6]. Exogenous polyamines have been
proposed as a functional and potential application that
play an important roles for regulating the stress response,
adapting in adverse conditions as well as alleviating
chilling injury. In recent years, exogenous polyamines
have been applied to enhance the chilling resistance in a
number of horticultural crops, including lychee [7], apple
[8], blueberry [9], peach [10], cucumber [11]. It has been
reported that exogenous polyamine treatments play a role
in membrane stabilization by a significant reduction of
the stress-induced electrolyte leakage and enhancement
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of stress-evoke activity of lipoxygenase [12]. Ice-tem-
perature, the specific range of temperature between zero
and freezing point which is below zero due to the elec-
trolyte inside the cell, can restrain the metabolism and
keep up them in the living state. The storage of fruits and
vegetables at ice-temperature is the foremost and prom-
ising technology applied to inhibit the growth of mi-
crobes, to slow metabolism, to retard postharvest sense-
cence and to extent the shelf-life period of agricultural
products without damaging the plant tissue. The ice-
temperature technique applied to the storage of straw-
berry [13], longan [14], pepper [15], lotus root [16], bro-
ccoli [17] have been reviewed. The researches showed
that the ice-temperature technology had the superiority to
keep postharvest products freshness and special flavor
with high quality.

Pepper, native to tropical South America and sensitive
to low temperature, is highly favored by consumers world-
wide. The critical temperature of chilling injury is 6 de-
gree or 9 degree Celsius according to different varieties.
Therefore, peppers stored at low temperature especially
below 9 degree are vulnerable to chilling injury. In recent
researches, the application of heat treatment [18], ex-
ogenous substances such as H,O, [19], 1-MCP and eth-
ylene [20,21], NO [22], salicylic acid [23], polyamines et
al. have been reported to reduce the development of
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chilling injury symptoms and maintain quality. However,
there is lack of published studies on the application of
spermidine and cold shock at the range of ice-tempera-
ture. Thus, the objective of this study was to determine
whether the spermidine and ice-temperature shock are
linked to reducing chilling injury, maintaining chloro-
phyll and vitamin C content, evaluating electrolyte leak-
age as well as changing malonaldehyde (MDA) content
and antioxidant enzyme SOD during cold storage. This
study was aim to lay a solid foundation for pepper stor-
age and transportation.

2. Materials and Methods
2.1. Plant Material and Regent

Freshly harvested green bell peppers (Capsicum annuum
L.) were obtained from local commercial orchard in
Ya’an, China. Fruit were delivered to the laboratory im-
mediately after harvest. Fruit were selected for uniform
size and color and the absence of visual defects, then
randomly divided into three lots for this study.

2.2. Ice-Temperature and Spermidine
Treatments

Peppers were grouped into lots of 120 including 60 for
evaluation of chilling injury and subjected to the follow-
ing three treatments (Table 1): 1) control ( distilled water
at room temperature for 10 min, T1); 2) treated at —1°C £
0.5°C for 6 h (T2); 3) dipped in 1 mmol/L spermidine at
room temperature for 10 min (T3). Following the treat-
ments, fruit treated by spermidine and water were placed
on the table and allowed to dry at room temperature be-
fore storage at 4°C in a temperature-controlled chamber
with relative humidity of 90%. Fruit were transferred into
temperature-controlled chamber after storage at ice-tem-
perature for 6 h. A 40 x 25 x 20 cm rectangle of foam
was used to store peppers. Three replicates of 120 pep-
pers each per treatment were conducted. Fruit were taken
after treatments (time 0) and at 5 day intervals during
storage for measurements of chilling injure, content of
chlorophyll and vitamin C, activity of SOD, accumula-
tion of MDA as well as electrolyte leakage.

Table 1. Different pretreatments for further analysis.

Treatment
No. :
condition concentration/temperature processing
time
distilled water ] ‘
1 (control) / dip for 10 min
T2  ice-temperature ~1+05°C cold SéI(;le for
T3 spermidine 1 mmol/L dip for 10 min

Copyright © 2013 SciRes.

2.3. Determination of Quality Parameters

Chilling injury (CI) manifested as calyx browning, sur-
face pitting with discoloration, fruit softening and decay
in the end. For each fruit, CI was scored according to a
5-grade scale, where 0 = none; 1= slight (area of CI is
below 25%); 2 = moderate (area of CI is between 25%
and 50%); 3 = moderately severe (area of CI is between
50% and 75%); 4 = severe (area of CI is above 75%). CI
index calculated using the following formula: CI index =
[(CI level) x (number of fruit at the CI level)]/(total
number of fruit in the treatment).

Vitamin C content was measured by 2,6-dichlorindo-
phenol titration. 5 g of pulp were homogenized with 50
mL of 2% hydrochloric acid and then centrifuged for 15
min at 8000 g, 4°C. Five milliliters of supernatant were
mixed with 0.5 mL of 0.06 M potassium iodide, 2 mL of
5 g-L! starch solution and 2.5 mL distilled water. The
reaction mixture was titrated by potassium iodate until
the color turned to blue. 5 mL of 2% hydrochloric acid
replacing the supernatant was used as control under the
same condition. The content of vitamin C was calculated
by volume difference of potassium iodate adjusted for
equal amount of vitamin C between sample and control.

Chlorophyll content in pepper was quantified with
80% acetone as described by Xing et al. [24]. One gram
of pulp sample was taken from the equators of 10 fruit at
each time point during the storage. Chlorophyll was ex-
tracted with 10 mL of 80% (v/v) acetone, centrifuged,
and light absorption by supernatant measured at wave-
lengths of 645 and 663 nm. The chlorophyll content was
calculated using the following equation:

Chlorophyll content(g-Kg'1 of FW)
=1776xA g + 734X A0

2.4. Evaluation of SOD Activity, Cell Membrane
Permeability and MDA Accumulation

All extract procedures were conducted at 4°C. 1 g of
flesh tissue was ground with 5 ml of 50 mM sodium
phosphate buffer (pH 7.8). The extract was then homo-
genised and centrifuged at 10,000 g for 20 min at 4°C.
The supernatants were used for enzyme assay. Superox-
ide dismutase (SOD) activity was determined photo-
chemically by nitro-blue tetrazolium (NBT) according to
the method described by Abbasi et al. [25] with slight
modifications. The reaction mixture contained 50 mM
sodium phosphate ( pH 7.8), 13 mM methionine, 0.75
mM NBT, 20 uM riboflavin and 0.1 ml crude enzyme
extract. The formation of blue formazan was monitored
by recording the absorbance at 560 nm. One unit of SOD
activity was defined as the amount of enzyme that causes
a 50% inhibition of NBT reduction under assay condi-
tions.

FNS



158 Effect of Ice-Temperature and Spermidine on Chilling Sensitivity of Pepper

To determine the rate of cell membrane permeability,
the method to determine electrolyte leakage described by
Xing et al. [24] was used. The pepper tissue was cut with
a borer into small discs (10 mm in diameter and 4 mm in
thickness). Conductivity after incubation in 25 ml of 0.4
M mannitol solutions was measured with a DDS-11A
conductivity meter after 3 h of incubation under constant
shaking. The solutions were boiled at 100°C for 30 min
and cooled quickly before the total electrolyte leakages
were measured. The relative electrolyte leakage was de-
fined as a percentage of total: (initial/total) x 100.

TBARS were determined and expressed as malondial-
dehyde (MDA) equivalents, according to the method of
Xing et al. [24] with slight modifications. Pulp tissue
(2.0 g) from 10 pepper fruit were homogenized with 10
mL of 10% trichloroacetic acid and then centrifuged for
15 min at 8000 g, 4°C. One milliliter of the supernatant
was mixed with 3 mL of 0.5% thiobarbituric acid (TBA)
dissolved previously in 10% trichloroacetic acid. The
reaction mixture solution was heat-treated for 20 min at
100°C, quickly cooled, and then centrifuged for 10 min at
8000 g to clarify precipitation. Absorbance at 523 nm
was measured and subtracted from the nonspecific ab-
sorbance at 600 nm. The amount of MDA was expressed
as uM-Kg ™' of fresh weight (FW).

2.5. Statistical Design

Experiments were performed using a completely ran-
domized design. Experimental data are the mean + SD of
three replicates of the determinations for each sample.
Data for analytical determinations were subjected to one-
way analysis of variance (ANOVA). Sources of variation
were storage and treatments. Mean comparisons were
performed using HSD the Tukey’s test to examine if dif-
ferences were significant at p < 0.05, extremely signifi-
cant at p < 0.01. All statistical analyses were performed
with SPSS v19.0 for Windows. Linear regressions were
performed among several parameters using Origin Pro v
8.0 for Windows.

3. Results

3.1. Effect of Spermidine and Ice-Temperature
on Chilling Injury

As shown in Figures 1(a) and (b), in the untreated con-
trol pepper fruit, CI symptoms occurred at 10 days after
storage, while an initial CI symptom of pepper fruits
treated by spermidine and ice-temperature was observed
after 20-day-storage and 15-day-storage, respectively.
The severity of CI was increased with the storage time,
whereas spermidine and ice-temperature treatments be-
fore stored at 4°C retarded chilling injury process and
reduced the development and severity of CI symptoms.

Copyright © 2013 SciRes.

The CI index in T2, T3 were significantly lower com-
pared to the index in control fruit. For instance, the chill-
ing injury rate was as high as 80% in control while al-
most half of peppers in T2, T3 were in good condition at
the end of storage. Among all the treated fruit, sper-
midine was the most effective in alleviating CI of pepper
fruit during storage at 4°C.

3.2. Chlorophyll Content and VVc Content

The changes in chlorophyll content and Vc content in
pepper fruit during the storage is shown in Table 2. The
content in control fruit decreased gradually over time,
while spermidine and ice-temperature treatments delayed
the trend. During the first ten days, chlorophyll content in
control exhibited a relatively lower decrease than those
in T2, T3. While this trend was inbibited till the end of
this experiment. At the end of storage, the chlorophyll
content in T1 was just amount to 18.12% of original data.
In contrast, chlorophyll content in T2, T3 were much
higher than that in T1 (p < 0.1), however, the decrease of
Vc content in T2, T3 were also conspicuous (p < 0.1) at
the end of the experiment. Vc content showed trend
similar to chlorophyll content. A steady decrease for Vc
content was found in T1 during first 20 days then an
abrupt decrease was observed up to the end of storage

80
I control

704 M ice-temperature
Il 1mmol/L spermidine

)

Chilling injury rate (%

0 20 30
Storage period (d)

(2)

I control
70 [ ice-temperature
I 1mmol/L spermidine

Chilling injury index (%)
5
1

20 30

Storage period (d)
(b
Figure 1. (a) Effect of different treatments on chilling injury
rate of pepper during cold storage; (b) Effect of different

treatments on chilling injury index of pepper during cold
storage.
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period. While the dramatic decline delayed by 10 days in
T2, T3. At the end of the storage period, Vc content in
T2, T3 were remarkably higher (2.9-fold, 2.1-fold, re-
spectively) than that in T1 (p <0.1).

Despite consistent decrease in chlorophyll content and
Vc content of all treatments during the storage period but
still spermidine and ice-temperature helped in retaining
higher fruit chlorophyll and Vc when compared with
control. The effectiveness of spermidine treatment was
comparable to ice-tmeperature treatment, but was sig-
nificantly more effective than that of control. The ice-
temperature appeared to result in a less decrease in chlo-
rophyll content and Ve content.

3.3. Effect of Spermidine and Ice-Temperature
on SOD Activity

SOD activity in both control and treated fruit increased
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firstly then decreased after storage for 20 days. Fruit pre-
treated with spermidine maintained remarkably higher
SOD activity throughout the storage compared with the
other two groups (Figure 2). The SOD activity peaked at
20 days and the maximum of SOD activities in T1, T2,
T3 were 332.02 U-mg ' protein, 349.2 U-mg ' protein,
347.62 U-mg ' protein, respectively. The changes of
SOD in T2 and T3 exhibited a similar pattern during the
storage until the last ten days. At the end of storage, the
decrease of SOD activity in T1 was significantly higher
than those in treated fruit, which was only amount to
about 60.89 %, 56.67 % of those in T2, T3 (p < 0.01).

3.4. MDA Content and Electrolyte Leakage

MDA, the final product of lipid peroxidation, was re-
garded as the indicator of lipid peroxidation. Changes in
MDA content was shown in Figure 3. In general, the

Table 2. Change of chlorophyll and vitamin C content of peppers under different conditions.

Different treatments

At harvest Storage
Control (T1)
Chlorophyll
(gkg 'FW)  18.876+0.015 10d 13.885£0.932a A
20d 8.345+0.006 a B
30d 5.849+0.027aC
40 d 3420+0.021aD
Sign® ”
Vc (mg/100g)
2.743 £0.073 10d 1.806 £0.166 a A
20d 1.685+0.080 a A
30d 0.496 +£0.029 a B
40 d 0.272+0.000 a C
Sign '

Ice-temperature (T2) Spd (T3)
Sign
12.682+£0.193b A 12.01 £0.005b A .
9.451+0.027b B 10.808 £0.015¢ B "
7918 £0.091bC 9.301 £0.063 ¢ C "
5758 £0.015bD 4.467+0.013¢D "
Sign

2.454+0.078 b A
2.410£0.021b A
1.715+£0.000b B
0.783 £0.060b C

4

2.641£0.049b A
1.993 £0.099cB
1.595+£0.014cC
0.569£0.023¢cD

w4

£

w4k

=3

=3

The fruit treated by different treatments at 4°C was analysed. Each value corresponds to the mean + SD of three replicates of ten fruit each. *Significance: (*)
significant at p < 0.05; (") Significant at p < 0.01. Means within a row followed by different small letters indicate significant differences between treatments,
L.S.D. test. Means within a column followed by different capital letters indicate significant differences between days of storage, L.S.D. test.
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Figure 2. Effect of different treatments on SOD activity of
pepper during cold storage.

Copyright © 2013 SciRes.

Storage period (d)

Figure 3. Effect of different treatments on MDA content of
pepper during cold storage.
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amount of MDA increased as the storage time increased.
Spermidine and ice-temperature treatments significantly
inhibited this increase of MDA content. At the end of the
storage period, the MDA content of T2 and T3 was 1.088
uM-Kg "FW, 0.894 pM-Kg ""FW, as opposed to 1.861
uM-Kg "“FW in control samples. Compared with MDA
content at the beginning of storage, control peppers
showed a marked increase in MDA content by 342.4%
over time. The results suggested that spermidine and ice-
temperature accounted for lower lipid peroxidation.

Membrane permeability changes during storage were
analyzed by determining the relative electrolyte leakage.
The leakage enhanced when the fruit suffered chilling
injury. Changes in electrolyte leakage of pepper fruit
were presented in Figure 4. The initial electrolyte leak-
age was 10.448%. In general, the electrolyte leakage in-
creased persistently during storage both in samples and
control group. During the first 10 days, the electrolyte
leakage in T1 was much lower than that in T2 and T3 (p <
0.01). Thereafter, the electrolyte leakage in all samples
were observed with a significant increase. The electrolyte
leakage of T1, T2, T3 was 57.15%, 46.87%, 49.10%,
respectively at the end of storage period. Compared with
spermidine and ice-temperature fruits which remained
non significant, the electrolyte leakage in control was
considerably high (p < 0.01). Spermidine and ice-tem-
perature treated fruit had a lower relative leakage rates
than the control fruit, indicating that a higher membrane
integrity was maintained.

4. Discussion

The application of spermidine and ice-temperature post-
poned the occurrence of chilling injury, alleviated CI
symptoms of pepper fruit such as preventing pepper sur-
face from pitting, diminishing the areas of chilling injury.
Moreover, spermidine and ice-temperature maintained
the pepper quality by delaying the decrease of chloro-
phyll content and Vc content.

60

—=a— control
—e— jce-temperature
—4— 1mmol/L spermidine

N o
o =]
1 1

Electrolyte leakage (%)
8
N

20

0 ' 10 20 30 40
Storage peroid (d)

Figure 4. Effect of different treatments on cell membrane
permeability of pepper during cold storage.

Copyright © 2013 SciRes.

Various kinds of stress like low temperature, drought,
salt result in metabolic disorder which is the consequence
of oxidative oxidation resulting from overproduction of
ROS, such as O, singlet oxygen, H,O, and hydroxyl
radical, and breakdown of unsaturated fatty acids in
membrane lipids [26]. Excess production of ROS con-
tributes to the development and sensitivity of chilling
injury. Therefore, protection from oxidative injury is
crucial to cell survival under chilling stress and is
thought to be a major mechanism of resistance to chilling
stress. The onset of the tolerance has often been corre-
lated with the accumulation of defense-related enzymes
like SOD and compounds like ascorbic acid (Vc) [27].
Exogenous polyamines have been reported to be associ-
ated with the enhancement of reactive-oxygen-scaveng-
ing enzyme activities [28]. In our study, an increase in
SOD activity was observed in pepper fruit during the first
20 days storage, following a sharp after that. Meanwhile,
a remarkable increase in CI was presented in all treat-
ments. At the end of storage, T3, in which SOD was the
highest among these treatments, was also the one with
the lowest level of chilling injury. The results suggested
that the improvement of chilling tolerance in harvested
peppers was related to the enhancement in activity of
SOD. Similar results were also reported by Feng et al.
[10]. Moreover, spermidine and ice-temperature pre-
treatments contributed to the weakening of chilling sen-
sitive. Additionally, peppers pre-treated by spermidine
and ice-temperature, especially ice-temperature, had rela-
tively higher Vc content compared with control. It indi-
cated that ascorbic acid may exert an effort on active
oxygen scavenging. It has also been reported that ex-
ogenous polyamines not only resulted in accumulation of
defense-related enzymes and compounds but also played
a direct role in elimination of superoxide radicals gener-
ating through chemical and enzymatic pathways. Besides,
triamine spermidine (Spd) and tetramine spermine (Spm)
had higher efficiency of eliminating [29].

Pepper is so sensitive to low temperatures that they are
vulnerable to chilling injury. Membranes are thought to
be the primary sites for development of chilling injury. A
unified theory to explain CI was found on low tempera-
ture induced membrane lipid phase transitions from a
liquid-crystalline to a solid-gel state leading to a loss of
membrane integrity and physiological dysfunction. An-
other theory was that CI results from direct effect of re-
duced temperatures on enzymes or indirect effect of
membrane perturbations on intrinsic enzymes leading to
accumulation of ROS and membrane lipid peroxidation
[30]. The extent of lipid peroxidation depends on the
degree of cold stress and is correlated with the extent of
CI [31]. MDA increase was regarded as indicator of lipid
peroxidation. In this study, a continuous increase in
MDA content in all treated and control fruit was ob-
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served, whereas the application of spermidine and ice-
temperature significantly delayed the increase of MDA
during the later storage duration (30 days later) leading to
electrolyte leakage in consequence of membrane lipid
peroxidation. Roberts et al. [32] found that exogenous
polyamines could alter membrane fluidity as a cones-
quence of their combination with negatively charged
phosphorlipid and other groups. Besides, exogenous po-
lyamines and ice-temperature played an indirect role in
regulating activities of membrane-bound enzymes exert-
ing an effect on membrane stability and permeability. In
this study, membrane permeability (revealed by electro-
lyte leakage) increased with storage duration, and after
20 days storage, the effectiveness of spermidine and ice-
temperature in electrolyte leakage began to show up
compared with control. The results indicated that sper-
midine and ice-temperature had little impact on mem-
brane permeability at the beginning of storage. As dis-
cussed above, spermidine and ice-temperature may be
involved in a network of membrane metabolic pathways
which regulate defense responses to chilling injury stress.
In conclusion, the use of spermidine and ice-tempera-
ture has been proved to enjoy the superiority when com-
pared with the control fruit for chilling injury, chloro-
phyll content, Vc content as well as defense responses,
however, the regulation of antioxidants as a result of
spermidine and ice-temperature application is not clear.
Besides, the protection mechanism of membrane perme-
ability would need to be investigated in further studies.
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