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Abstract: Edible coatings, thin layer formed on the surface of a product, have been used to preserve fresh-cut
fruits and vegetables since they can improve quality by affecting respiration and moisture loss. Green pepper
slices were subjected to chitosan coating treatment achieved by dipping, afterwards stored at 5°C for a
period of 15 days. The effect of various chitosan concentrations (0%, 0.5%, 1.0% and 2% (w/v) chitosan) on
some physico-chemical and microbial characteristics of the slices was subsequently analyzed during
storage. The data indicated that the performance of chitosan treatments was better than that of control. The
decrease of surface lighthess was delayed by chitosan treatments; and the surface green colour was kept
under marginal changes compared to control. On the other hand, a greater reduction of fungal incidence,
carbon dioxide concentration and electrolyte leakage of the chitosan treated samples was observed with
increased chitosan concentration treatment. Microbiological evaluation revealed that total viable cells count
decreased with increasing chitosan concentration. This correlated well with the external changes which were
affected to a lesser extent in the 2% chitosan compared to the control; in addition, delaying of changes was
significantly chitosan concentration dependent.
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INTRODUCTION

Fresh fruits and vegetables, once harvested and/or
processed, quickly deteriorate because of physiclogical
ageing, biochemical changes and microbioclogical
spoilage. Those deterioration are dependent of the
changes in their components (proteins, lipids,
carbohydrates, water) owing to environmental and/for
processing factors (Cha and Chinnan, 2004). For
peeled, cut and sliced fresh fruits and vegetables, such
deterioration is accelerated because of the wounding
and lesions of the tissues that occur during the
operations (Tovar et al., 2001). Microbial growth and
enzyme activity causing overall quality loss are
enhanced by the release of cellular substrates. Peppers
(Capsicum annuum L.) are well known for their edible
colourful juicy and crispy flesh of the pungent or sweet
variety, as well as their nutritious content (Raffo et al,
2007). Fresh peppers are often eaten raw and supplied
pre-cut to manufacturers as ready-to-use ingredients.
However, the main problems limiting their shelf life
occur by shriveling, decay development on the cut
surface, as well as degreening of the vegetable among
different degraded quality characteristics (Sakaldas and
Kaynas, 2010). Those problems are correlated to an
undesirable loss of water during metabolism or
diffusion through the skin and respiration.

To minimize post cutting loss, reduction of the storage
temperature combined or not with other techniques is
often achieved. Appropriate pre treatment and storage
conditions can prolong the shelf life. One of the major
advance reached to increase the shelf life of minimally
processed products include edible coatings (Rojas-
Grau et af, 2009). Edible coatings, defined as a thin
layer of material, can be applied on fresh and minimally
processed fruits and vegetables and have been
reported on their capacity to form a wrapping film acting
as a protective barrier. This allows a control of
biochemical changes in the plant metabolism by
preventing water loss or creating a modified atmosphere
surrounding the product. The purpose of application of
edible coatings is to inhibit migration of moisture or gas
as well as serving as a food additives carrier like
antioxidants or antimicrobials and reduce the decay
without affecting quality of the food. Chitosan is a
modified natural carbohydrate polymer [beta - (1,4) -
glucosamine) derived from chitin and has numerous
uses. Its film forming capacity (Shahidi et af, 1999), gas
barrier ability and antimicrobial activity against various
microorganisms (Muzzarelli and Muzzarelli, 2003) justify
its use for production of edible coating to prolong the
shelf life and maintain the quality attributes. Chitosan
may be used as a surface coating on fresh fruits and
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vegetables to modify the internal atmosphere, to
decrease the transpiration loss and to delay the
ripening. Chitosan coating has been successfully
applied to preserve cut product such as cut Chinese
water chestnut (Pen and Jiang, 2003}, cut “Fuji” apples
(Qi et al, 2011), or minimally processed broccoli
(Ansorena et al., 2011).

Studies have been reported on the use of chitosan
coating on several fresh products. To our investigation,
cut peppers edges dehydrated, turned brown and overall
quality degraded within 5 days without any treatment at
cool conditions {(unpublished data). Therefore, in this
study, dipping in chitosan solution was assayed to
improve quality of cut green peppers storability during
cold storage; investigation and assessment of some
physical attributes as quality indicators included the
determination of overall acceptability, fungal tolerance,
colour changes, respiration rate, cell membrane integrity
and microbial loading.

MATERIALS AND METHODS

Plant material and sample preparation: Green peppers
(Capsicum annuum L.) obtained from a local farm (Wuxi,
Jiangsu, China) were used in the present study. The
fruits were sanitized with chlorinated water (20 mL/L)
and rinsed with tap water. Similarity of edible flesh green
colour was evaluated with a colorimeter Konica Minolta
Chroma Meter CR-400 Series Version 1.11 (Konica
Minolta, Tokyo, Japan). The edible portions of the fruits
were thus manually sliced into longitudinal pieces along
the longitudinal axis with a stainless steel knife.
Subsequent washing followed-on and cellular fluids
were drained with tissue paper. Peppers slices (94.1%
Fresh Weight (FW) moisture content, 1.0 g citric acid/L
titratable acidity, 4.5°Brix and 139.61 mg/100 g FW
vitamin C) were divided in random into different group for
chitosan treatments.

Treatments and storage condition: The cut green
peppers were dipped for 5 min into a solution of 0%
{control), 0.5%, 1% or 2% (w/v) chitosan (Chitosan, 80-
95% deacetylation degree, medium molecular weight).
The coating solution was prepared by dispersing 0, 5,
10 and 20 g of chitosan powder into 1L of distilled water
containing 1% (v/) glacial acetic acid (Kyu Kyu Win et af.,
2007) and final pH of the solution adjusted to pH 5.0 with
0.1 M NaOH. Coating solution of 0%, 0.5%, 1% and 2%
chitosan were respectively prepared and coded as
Control, CS 1, CS 2 and CS 3. After being air dried for 2
hrs at Room Temperature (RT), samples (150 g) were
placed in glass container, tightly closed and stored at
5°C, 85-90% relative humidity to be later assessed for
further analyses intended for 15 days.

Analytical procedures: Pepper slices quality was
visually assessed by the extent of external changes
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during the storage period at 5°C. Onday 0, 3, 5, 7, 10
and 15, changes were evaluated on a 1-5 scale
according to the percentage of surface area decayed
and appearance change, where 1=extreme (>50%),
2=moderately severe (20-50%), 3=moderate (5-20%),
4=glight (up to 5%) and 5=none. Results were
expressed as an overall quality index over time.

Before and during storage, samples were subjected to
inspection of visible sigh of fungal infection. These
observations were made each day for 15 days. Samples
were considered infected when the first visible lesion or
infection was detected.

The respiration rate was estimated by the COq
production analyzed with a Gas Analyzer Cyes-I| (Jiading
Federation Instrument, Shanghai, China). The changes
of atmosphere in the container containing ambient air as
the initial atmosphere was measured by means of the
CO: released by the samples. On day O, 3, 6, 10 and
15, gas samples, withdrew with a 20 ml syringe, were
injected into the instrument and CO: concentration
was read. The changes of CO: concentration was
calculated considering the initial concentration.

Colour changes of the skin surface were measured with
a hand colorimeter Konica Minolta Chroma Meter CR-
400 Series Version 1.11 (Konica Minolta, Tokyo, Japan).
The instrument was first calibrated with a white ceramic
plate. Measurement was performed on day 0, 5 and 10
oh samples placed in a single layer on a tray, skin side
up. The colour coordinates L* (-100 = dark to +100 =
light), a* (-a* = green to +a* = red), b* (-b* = blue to +b*
= yellow) were recorded.

The membrane permeability was evaluated by the leak
of electrolyte. Five grams of diced peppers (0.8 x 0.8 x
0.4 cm) were put at 30°C and in boiling water (Zhang et
al., 2008). Electrical conductivity was estimated with a
conductivity meter (DDS-11A, Shanghai Huaguang Co.,
Shanghai, China). The membrane permeability was
characterized by the electrical conductivity ratio of the
pre-heated to post-heated samples, measurements
were done in triplicate on day 0, 3, 6 and 10.

Initially after washing (day 0) and during the storage
period, total viable cell was enumerated. Ten grams of
sample in 1:10 of sterile 0.1% (wiv) peptone water were
subsequently 10-fold diluted. The total count was
assessed using the pour plate method and prepared
plate count agar as medium after incubation at 35°C
for 48 hrs. Samples were analyzed on day 0, 3, 5,
10, 15 and microbial counts were expressed as log
CFU.g".

Analyses were preformed in ftriplicate. Changes in
quality indicators as influenced by the chitosan
concentration were analyzed by Analysis of Variance
(ANOVA) using the SPSS 16 statistical software (SPSS,
Chicago, lllinois, USA). Mean separations were
conducted using the Duncan’s multiple range test, with
a level of significance of p<0.05.
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Fig. 1: Changes of overall visual quality of fresh cut
green peppers during storage treated with
different concentration of chitosan coating
(Control: 0%, CS 1: 0.5%, CS 2: 1%, CS 3: 2%)

RESULTS AND DISCUSSION

The overall external appearance significantly (p<0.05)
changed with increasing storage period bhut the chitosan
coating delayed the quality drop. The quality changes
were more gradual in the samples coated with 2%
chitosan (p<0.05) compared to other samples; besides,
a clear decline with decreasing chitosan concentrations
was observed which was more accentuated in uncoated
samples (Fig. 1). For the first 3 days, no significant
changes occurred in the chitosan-coated samples at
different concentration (0.5%, 1% and 2%, respectively
CS 1, CS 2 and CS 3). Significant difference (p<0.035)
came up between the coating treatments after the 5th
day when at 0.5% chitosan, samples presented cut
edges browning. Up to 50% of damaged control fruits
was reached within a week, whereas this percentage
occurred on day 15 in the 2% coated fruits. In this
investigation, browning of the cut surfaces of control and
0.5% chitosan coated samples limited the shelf life in
term of visual quality. These browning can results from
dehydratation or microbial infection or action of PPO
enzymes that are freed by the cutting process and
oxidize phenols into quinines in the presence of
molecular oxygen. Enzyme spreading and reaction was

less important when coating form a barrier to oxygen,
limiting and reducing enzymatic reaction. Similarly,
chitosan on minimally processed water caltrop fruit
diminish browning and extended their shelf life (Zhan et
al., 2011). Better quality and extended shelf life of sliced
mango or peeled litchi fruit were also reported to be
owed to the chitosan coating (Dong et al., 2004; Chien
ef al, 2007) forming film protecting the fruit surface.
Likewise, in this work, the increasing and sufficient
amount of 2% chitosan on cut peppers improved its
quality and prevented decay development.

Green pepper is sensitive to fungal infection and
microbial attack, especially for the post cut fruit. The time
elapsed between the application of the coating and the
apparition of a visible decay varies in function of chitosan
concentration (Table 1). In evaluating decay incidence of
all samples, it was found that coated samples at 1%
and 2% chitosan showed a significant (p=0.05) delay of
fungal infection. The samples treated at 0.5% had a
similar fungal incidence to that of control (5-6 days). On
the other hand, the gray mold and white microbial spots
were hardly detected in the 2% chitosan coated samples
for an average of 13 days. Fungal decay contributes to
decline the visual quality score that limits the shelf life.
It is known that microorganisms have negatively charged
cell, so by means of the positively charged amino group,
chitosan can interact with the negatively charged
microbial cell membranes, leading to the leakage of
proteinaceous and other intracellular constituents of the
microorganisms (Dutta ef af., 2009). The present results
indicate that the protection of the surfaces to
contamination can be achieved by the coating to delay
contamination.

Freshness of fruits and vegetables can be preserved by
reducing respiration rate in order to avoid rapid quality
deterioration. The effect of chitosan coating on the
respiration behaviour of cut peppers stored at 5°C for 15
day was shown in Fig. 2. In general, CO2 concentration
increased (p=0.05) in all samples, nevertheless
respiration of coated samples was reduced compared
to control. In the beginning, the chitosan coating
treatment had a stimulatory effect on the respiration rate,
but thereafter maintained the respiration rate under
lower concentration than that of control which increased

Table 1: Apparition of fungal decay {(days) and microbial count (log CFU/g) of fresh cut green peppers during storage treated with
different concentration of chitosan coating (Control: 0%, CS 1: 0.5%, CS 2: 1%, CS 3: 2%)

Control CS1 cS2 CS3

Fungal incidence

First day of visible infection 5.660+0.570 6.330+0.570 9.330+0.570 13.330+0.570
Microbial count (log CFU/g)

Day 0 0.312+0.059" 0.312+0.059* 0.312+0.059° 0.31210.059"
Day 3 0.380£0.012% 0.372+0.033%* 0.316+0.004° 0.318+0.003°
Day 5 0.452+0.024° 0.410£0.010° 0.413+0.004* 0.402+0.000°
Day 10 0.665+0.022 0.579+0.004° 0.541+£0.048¢ 0.505+0.007°
Day 15 1.115+0.077¢ 0.842+0.040¢ 0.681+0.015¢ 0.609+0.009¢

Values = means t standard deviations {n = 3), Values with different superscript letters in the same column are significantly different

(p<0.05)
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Fig. 2. Changes of carbon dioxide (COz) concentration of
fresh cut green peppers during storage treated
with different concentration of chitosan coating
(Control: 0%, C51: 0.5%, CS 2: 1%, CS 3: 2%)

towards the end of storage time. Accumulation of CO» in
control can be related to the fungal decay and flesh
damage that increase without the additional layer of
coating for protection. Among the coated samples, those
treated with 2% chitosan showed the lowest respiration
rate after the 6th day and CO: concentration was 5 times
reduced at the end of storage (0.38% of CC2) compared
to those treated with 0.5% chitosan (1.96% of COx2).
It was observed that 1% and 2% chitosan treatment
clearly reduced the respiration rate after the 6th day of
storage (p=<0.05). A semipermeable film on the fruit
surface can be formed by the chitosan, consequently
modifying the internal atmosphere of the fruit. With
limited gas exchange due to the coating barrier,
enzymatic activity and metabolism involving respiration
can be thus affected, thereby resulting in lower changes
of the coated slices.

Colour differences measured by lightness L*and green
colour a* between control and chitosan coated cut
peppers were determined during storage and are
presented in Fig. 3. Chitosan coated cut peppers at 1
and 2% presented higher L* value during storage,
probably due to the added glossiness of the coating. On
the other hand, the surface lighthess of the control and
0.5% chitosan coated samples clearly reduced after
being stored for 5 day. The surface lightness of the fruits
treated with 2% chitosan was significantly different
{(p=0.05) from that of control and other coated samples
after 10 days; additionally the highest L* value of the 2%
chitosan coated samples indicate the lowest colour
changes. Coatings are used as semi permeable barrier
to delay colour loss and browning by enzymatic reaction
or by dehydratation that are part of the response to the
cutting process (Siomos et al., 2010).
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Fig. 3: Changes of surface lightness L* of fresh cut
green peppers during storage treated with
different concentration of chitosan coating
(Control: 0%, CS1: 0.5%, CS 2. 1%, CS 3: 2%)
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Fig. 4: Changes of surface green colour of fresh cut
green peppers during storage treated with
different concentration of chitosan coating
(Control: 0%, CS 1: 0.5%, CS 2: 1%, CS 3. 2%)

During the storage period also, the skin surface green
colour (a*) of the cut peppers decreased. When in the
control batch the difference was spotted at the 5th day,
there was no significant changes of the a* value of the
coated cut peppers for 10 days (Fig. 4). The decrease in
a* value associated with chitosan coating treatment was
lower than that of the control, but did not significantly
change after the different concentration (0.5, 1.0 and 2%
chitosan). Less colour change can be attributed to the
modification of the internal atmosphere in the fruit, when
higher level of CO2 and lower level of Oz can delay
metabolism process. In previous study, it was found that
fresh cut papaya treated with chitosan were able to
maintain the highest colour values during the storage
time (Gonzalez-Aguilar et al,, 2009).
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Fig. 5: Changes of cell membrane permeability of fresh
cut green peppers during storage treated with
different concentration of chitosan coating
(Control: 0%, CS 1: 0.5%, CS 2: 1%, CS 3: 2%)

As shown in Fig. 5, the relative conductivity of all the
samples increased during storage of cut peppers. The
membrane properties accordingly changed during the
storage period and turned out to be less protected to
leakage with increasing time. The increased electrolyte
leakage was statistically significant (p<0.05) in all the
samples throughout storage, however, the coating
treatment diminishes the leakage rate and revealed
different degree of reduction. By the 3rd day only, the
relative conductivity of the control was significantly higher
(p=<0.0%) than those of the coated samples: an increase
of 8.1% was noted compared to 0.4% in the 2% chitosan
coated samples. The deformation of the fruit tissue was
less affected when samples were exposed to the
coating treatment, thereby delaying electrolyte leakage.
Additionally, among all samples, the 2% chitosan
prevented the most the electrolyte leakage during
storage. After 10 days of storage at 5°C, the relative
conductivities of the coated samples were 14.9%, 17.5%
and 22%, respectively for the 2, 1 and 0.5% coating
compared to 25.3% of the control. From this, it is clear
that the coating influenced membrane integrity and
delayed electrolyte leakage than that of the control.

Enhanced antimicrobial activity in fruits and vegetables
by means of treatments or storage conditions would
reduce the microbial incidence to improve the overall
storage life. Table 1 shows the evolution of total
microbial load during storage of coated and uncoated
cut peppers. In the present study, an increase of the
microbial load was noted; however coated samples
exhibited the lowest total viable cells count along the
storage (p=<0.05). Moreover, increasing reduction effect
was observed in more concentrated coating treatment.
In comparing the data, it was revealed that after 15 days
of storage, the highest load was 1.115 log CFU/g in
Control and the lowest was 0.609 log CFU/g in 2%
chitosan coated samples. Limited oxygen for
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microorganism growth due to the coating barrier
probably inhibited the microorganism development or
penetration from surrounding environment. Higher count
in control can he due to the access of microorganisms
to the freed cellular content after cutting, easing their
proliferation. Results reported in previous studies
showed that chitosan delayed the accumulation of viable
cells in minimally processed garlic (Geraldine et al,
2008), as well as the effectiveness of antimicrobial
activity of chitosan coating was demonstrated on coated
broccoli thereby presented improved quality (Moreira et
al, 2011).

Conclusion: Chitosan applied as coating on cut green
peppers provided favourable effect during storage at
5°C. The chitosan treatments reduced respiration rate by
reduced CO:2 accumulation culminating in improved
external appearance. By means of the chitosan
treatments also, fungal incidence, surface green colour,
electrolyte leakage and microbial count were lower than
that of control. On the other hand, it was realized that
chitosan concentration greatly influenced the outcome of
the sample quality retention. Thereby, higher chitosan
coating concentration (2%) exhibited a beneficial impact
on the quality of fresh cut green peppers kept at 5°C,
where that concentration (2%) proved to be effective in
improving visual quality.
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