
coatings

Article

Effect of Chitosan-Ascorbic Acid Coatings on the
Refrigerated Storage Stability of Fresh-Cut Apples

Kübra Sultan Özdemir 1,2 and Vural Gökmen 1,*
1 Food Quality and Safety (FoQuS) Research Group, Department of Food Engineering, Hacettepe University,

Beytepe Campus, 06800 Ankara, Turkey
2 Department of Food Engineering, Faculty of Engineering and Architecture, Konya Food and Agriculture

University, 42080 Meram, Konya, Turkey
* Correspondence: vgokmen@hacettepe.edu.tr; Tel.: +90-312-297-7108; Fax: +90-312-2992123

Received: 15 July 2019; Accepted: 7 August 2019; Published: 8 August 2019
����������
�������

Abstract: Using natural antimicrobial substances in edible films becomes crucial to extend the
shelf-life of fresh-cut fruits due to the consumers’ preferences. In this study chitosan and ascorbic acid
based film was used to improve the shelf-life of fresh-cut apples. Fresh-cut apple cubes were dipped
in water (control), ascorbic acid (1%) or mixtures of chitosan–ascorbic acid in different ratios (1%:1%,
2%:2% or 1%:5%) for 5 min. After draining, fresh-cut apples were packed in sterile polypropylene
jars and stored at 5 ◦C for 14 days. The treatment with chitosan and ascorbic acid suppressed
browning, retained flesh firmness and maintained phenolic compounds throughout the storage
period. Moreover, the treatment with chitosan–ascorbic acid significantly retarded the microbial
growth during storage. Those findings suggested that the best performance was acquired in 1%
chitosan and 5% ascorbic acid coating. That coating could be practical and useful to prolonging the
chemical and microbial shelf lives of fresh-cut apples during refrigerated storage.

Keywords: fresh-cut apples; refrigerated storage; shelf-life; chitosan; ascorbic acid; coating;
Gompertz model

1. Introduction

Apple (Malus domestica) is an important—and one of the most widely consumed—fruits in
the world, due to its health benefits. Apples contain significant amount of minerals, dietary
fibers and polyphenols which are related to prevention of diseases, such as coronary diseases [1].
Polyphenols especially are related to the nutritional value, flavor and color of apple products. They can
vary depending on the apple type [2]. The major polyphenols of apple can be listed as flavan-3-ols
(catechin, epicatechin), flavanols (quercetin) dihydrochalcones, hydroxycinnamic acids (chlorogenic
acid), and anthocyanins [3]. In recent years, the increasing demand of consumers for healthy fast and
easily accessible foods, caused a strong increase in prepacked ‘ready-to-eat’ produce consumption [4].
Among those foods, fresh-cut apples have an important economic value in that market due to their
low cost, convenience and popularity. However, microbial growth and browning reactions limit their
shelf-life. Fresh cut apples are subject to enzymatic browning, due to the action of polyphenol oxidase
on phenolic compounds. Browning causes undesired changes in appearance, flavor and nutrient
composition [5]. The common approach to control/prevention of the browning in fresh-cut products is
to use anti-browning agents [6]. Carboxylic acids, ascorbic acid derivatives, sulfur containing amino
acids and phenolic acids can be used effectively as anti-browning agents to delay enzymatic browning
in apples [7,8].

Many strategies have been developed for the preservation of, and increasing the quality of,
fresh-cut and minimally processed fruits and vegetables. These include the use of modified atmosphere
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packaging [8], chemical treatments [9], thermal treatments [10], edible coatings [11–13] and hurdle
technologies [12,14]. Among these methods, edible coatings have been recently gained more interest
than others in food preservation. Edible films and coatings are natural polymers which control
moisture transfer, gas exchange, respiration and oxidative reaction rates during handling, storage and
transportation of the fresh produce [15,16]. Carbohydrates, proteins, gums, lipids or starch-based
edible films can be used as a coating material for fresh-cut products.

Chitosan is a carbohydrate-based biopolymer. It is an amino polysaccharide composed of randomly
distributed β-(1-4)-linked D-glucosamine and N-acetyl-d-glucosamine units [17–19]. Chitosan based
edible films and coatings have great potential in the preservation of fruit and vegetables [20–22].
Chitosan and its derivatives have an ability to inhibit the growth of yeasts, molds and bacteria [23–25].
However, the application of chitosan is limited due to its insolubility at neutral pH [26]. To overcome
this disadvantage and to improve solubility of chitosan, different acids were used to decrease pH
values below pH 6 to improve chitosan solubility [16,21,27–29].

Qi et al. 2011 [30] studied the effect of chitosan, ascorbic acid and calcium chloride on fresh-cut
fuji apples. They used citric acid to dissolve chitosan and prepared film solutions by adding calcium
chloride and ascorbic acid. They have found out that coatings effectively retarded enzymatic browning
during storage at 5 ◦C for 8 days, and apple slices with chitosan-coating maintained firmness with
a little loss during storage. In another study, calcium chloride-chitosan coatings and chitosan-ascorbic
acid coatings during storage at room temperature for 10 h were investigated [31]. Calcium treatments
(calcium chloride or lactate) are broadly studied in preserving the quality of fresh-cut fruit and
vegatables. There are many reports about the positive effects of calcium on fresh-cut texture and
browning [32]. This study aims to use a binary aqueous mixture of chitosan and ascorbic acid as
a coating to improve the refrigerated storage stability of fresh-cut apple cubes. Contrary to other
studies mentioned above, we used solely ascorbic acid instead of other organic acids (i.e., acetic acid) to
dissolve chitosan in water. Lowering pH by means of adding ascorbic acid helped chitosan molecules
to dissolve readily in water. In addition, ascorbic acid acted as anti-browning agent in the coating
mixture. In this context, different combinations of chitosan and ascorbic acid were prepared and used
to coat fresh-cut apples. The effects of different coatings were evaulated by monitoring the microbial
growth, browning, polyphenol composition and firmness of fresh-cut apples during 14 days of storage
at 5 ◦C. In addition, the kinetics of the growths of yeasts and molds, psychrophilic and mesophilic
bacteria in fresh-cut apple samples with different coatings during storage were analyzed by using the
Gompertz model.

2. Materials and Methods

2.1. Chemicals and Consumables

Ascorbic acid, chitosan (from crab shells, degree of deacetylation of 75–85% and medium
molecular weight), ethanol (HPLC grade), acetonitrile (HPLC grade), chlorogenic acid (5-Caffeoylquinic
acid), (+)-catechin, and (−) epicatechin were purchased from Sigma-Aldrich (Steinheim, Germany).
Plate count agar (PCA), potato dextrose agar (PDA) and formic acid (98%) were obtained from Merck
Co. (Darmstadt, Germany).

Ultra-pure water was used throughout the phenolic composition analysis (Milli Q-System,
Millipore, Milford, MA, USA). Syringe filters (nylon, 0.45 µm) were supplied from Waters (Millford,
MA). A HICHROM 5C 18 (250 × 4.6 mm, Hichrom, Reading, UK) column was used for analysis of
phenolic compounds.

2.2. Preparation of Fresh-Cut Apples and Dipping Solutions

Apples (Granny Smith) were obtained from a local market at commercial maturity. Uniformly
sized apples were selected and any bruised or diseased fruits were discarded. The selected apples
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were rinsed gently with tap water and drained at room temperature. Then apples were cut into about
1 cm3 cubes with a stainless-steel knife.

Fresh-cut apples were dipped into water (control), aqueous ascorbic acid solution (1%ASC) or
the mixtures of chitosan–ascorbic acid. The concentrations of chitosan and ascorbic acid were varied
from 1 to 2% and from 1 to 5%, respectively, in three mixtures. In the first mixture, 1 g of ascorbic acid
was dissolved in water and 1 g of chitosan was added to the solution (1%CH–1%ASC). In the second
mixture, 5 g of ascorbic acid was dissolved in water and 1 g of chitosan was added to the solution
(1%CH–5%ASC). In the third mixture, 2 g of ascorbic acid was dissolved in water and 2 g of chitosan
was added to the solution (2%CH–2%ASC). Ultrasonification was applied after magnetic stirring to
achieve complete dissolution of CH. pH values of solutions were measured by using a pH-meter at
room temperature.

2.3. Treatments of Fresh-Cut Apples

Fresh-cut apple cubes were grouped into five and the treatments were applied. Each group
(50 g) were dipped in 100 mL of solution or mixture for each time. After the application, the coated
apples were left to surface dry (at about 25 ◦C and with a relative humidity of 30% during 1 h) until
excess coating solution was gone. A total of 27 packages (six for microbiological, three for weight loss,
and 18 for physical and chemical analyses) were prepared for each treatment. Apple samples of 10 g
were placed into sterile polypropylene jars (30 mL). Biaxially oriented polypropylene (BOPP) film
(thickness of 30 µm and O2 permeability of 1600 cm3.m−2 per day) were used for covering the packages.
All samples were stored at 5 ± 1 ◦C at 90–95% relative humidity for 14 days and samples were taken
after 0, 3, 7 and 14 days of storage. Concentrations of phenolic compounds were determined at 0, 6,
12 and 18 days of storage.

2.4. Microbiological Analyses and Kinetic Modelling of Microbial Growth

The growth of microbial population in coated fresh-cut apples throughout storage was evaluated
by counting total yeasts and molds, total aerobic mesophilic bacteria and psychrophilic bacteria.
Apple samples of 10 g were taken aseptically from each jar and transferred into sterile plastic bags.
Samples were diluted with 90 mL of saline water and homogenized for 2 min in a stomacher blender.

Serial dilutions were made and then poured onto the PCA for total aerobic mesophilic counts
(TAC) and psychrophilic counts. TAC plates were incubated at 35 ◦C for 48 h, and to determine
psychrophilic counts, plates were incubated at 5 ◦C for 10–15 days. Yeast and mold counts were
performed on PDA by using the spread plate method by incubating at 25 ◦C for 5–7 days. Colonies were
counted and the results were given as log10 CFU.g−1 of apples. Two replicate counts were performed
for each sample. Moreover, the Gompertz equation modified by Zwietering et al.(1990) [33], was used
to describe the microbial data from each application and given in Equation (1):

log10

(
N
N0

)
= A exp

(
− exp

(µme
A

(λ− t) + 1
))

(1)

where N is the number of microorganisms at time t (day), N0 is initial number of microorganisms,
µm is the maximum growth rate, λ is the lag time (day), A is the maximum population density and t is
the time (day). The experimental data were fitted by using Matlab version 9.2.

2.5. Measurement of Weight Loss

Fresh-cut apples were weighed at the end of days 0, 3, 7 and 14. Measurements were replicated
three times. Considering of the initial and final weights of fresh-cut apples, weight loss was determined
as expressed in Equation (2):

Weight loss (%) =
(mt −m0)

m0
× 100 (2)
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where m0 is the initial weight of fresh-cut apples and mt is the weight of sample at time t.

2.6. Measurement of Firmness

Firmness of fresh-cut apples was determined by using TA Plus texture analyzer (LLYOD
Instruments, AMETEK Co. Ltd., Shanghai, China) with a 5 mm diameter cylindrical probe. The required
force (N) to puncture the samples was recorded as firmness. Measurements were replicated six times.

2.7. Measurement of Color

For the effect of coatings on color, browning index (BI) values were calculated by using
computer-vision based image analyses. Apple cubes were photographed from 25 cm height above
the sample by a digital camera (Canon, Japan) in a box. Two light sources (Ultrabright, 6500 K, 25 W)
were placed at a 45◦ angle to the sample. The percentage of dark areas was calculated by segmentation
method given by Gökmen and Mogol (2010) and data were given as browning index [34].

2.8. Analysis of Phenolic Compounds

One gram of apple sample was homogenized in 5 mL of the mixture of ethanol and water (50:50,
v/v) containing 500 mg/L ascorbic acid. After centrifugation (6080 g for 5 min) supernatants were
separated in a test tube. Polyphenol analyses were performed on an Agilent 1200 LC system equipped
with an Agilent 6130 MS detector. Chromatographic separation was performed on a HICHROM 5 C18
column at 30 ◦C according to the method given by Ozdemir et al. [35]. Solution A was 1.0% formic acid
in water and solution was B 1.0% formic acid in acetonitrile. The gradient profile was as following:
0–8 min linear gradient elution from 10 to 30% of B; 10−12 min linear gradient elution from 30 to 10%
B; and 12−20 min; isocratic elution of 10% B. For analysis, 10 µL of sample was injected and the flow
rate was 0.7 mL/min. An electrospray ionization source was used and the phenolic compounds were
analyzed in negative and positive modes. The following MS conditions were adjusted: Positive scan
mode of capillary voltage 4.0 kV; negative scan mode of capillary voltage 3.5 kV; drying gas (N2) flow
of 13 L/min at 325 ◦C; nebulizer pressure of 40 psi; negative and positive ion scanning modes from
50 to 1000 m/z. Phenolic compounds were identified by comparing the retention times of unknown
peaks with the retention times of standard compounds.

2.9. Statistical Analysis

The results were given as mean ± standard deviations. Differences were determined by analysis
of variance (ANOVA) followed by Duncan’s multiple range test (p < 0.05). Independent sample t
testing was carried out to compared the means of two independent samples. For the statistical analyses,
SPSS 18.0 version (SPSS Inc., Chicago, IL, USA) was used.

3. Results and Discussion

3.1. Weight Loss

The weight of coated fresh-cut apples was monitored to determine the efficiency of these coatings
during storage time in terms of keeping the moisture. It was known that weight loss in fresh-cut
fruits is related to the loss of water caused by transpiration and loss of carbon reserves due to the
respiration processes [36]. The weight losses of coated samples with 1%CH–1%ASC and 1%CH–5%ASC
were significantly lower than those of the control and 1% ASC treated apples at the end of storage
(p < 0.05) (Table 1). The highest weight loss was determined in 1% ASC coated apples. Furthermore,
1%CH–1%ASC coating showed the best performance on inhibition of water loss by showing the lowest
weight loss at the end of storage.
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Table 1. Changes in the weight loss (%) values of fresh cut apples during storage at 5 ◦C *.

Treatment
Storage Time (day)

3 7 14

Control 0.47 ± 0.08 aA 0.55 ± 0.23 aAB 3.45 ± 0.40 bC

1%ASC 0.45 ± 0.01 aA 0.31 ± 0.02 aA 5.38 ± 0.39 bD

1%CH–1%ASC 1.04 ± 0.12 aB 1.00 ± 0.24 aB 1.31 ± 0.26 aA

1%CH–5%ASC 0.94 ± 0.26 aB 0.92 ± 0.31 aB 2.11 ± 0.72 aAB

2%CH–2%ASC 0.87 ± 0.04 aB 1.65 ± 0.18 bC 2.63 ± 0.33 cBC

* Values were presented in mean ± standard deviation (n = 3). Different lowercase and uppercase letters indicate
significance at α = 0.05 in the same row and column, respectively.

This result was related to the formation of a layer of chitosan around the surface of fruit. This layer
slowed down the respiration rate of the fruit and retarded the loss of water. Our results supported
by other studies revealed that chitosan coating reduced weight loss in fruits and vegetables, such as
mango fruit [28], bell pepper, cucumber [37] and litchi [38].

3.2. Firmness

In the present study, the firmness of the control, %1ASC and 1%CH–1%ASC treated apples did
not significantly decrease in the 7 days of storage but after 14 days, data could not be obtained due
to the substantial softening of apples (Table 2). That softening was related with the action of pectin
enzymes in apple samples.

Table 2. Changes in the firmness (N) values of fresh cut apples during storage at 5 ◦C *.

Treatment
Storage Time (Day)

1 3 7 14

Control 20.2 ± 2.2 bA 17.6 ± 0.3 aA 18.6 ± 1.8 abA −

1%ASC 20.9 ± 1.7 aA 19.6 ± 2.6 aA 20.8 ± 1.8 aA −

1%CH–1%ASC 20.6 ± 1.2 aA 19.0 ± 2.8 aA 19.6 ± 2.2 aA −

1%CH–5%ASC 19.6 ± 2.1 aA 20.1 ± 2.3 aA 19.3 ± 2.3 aA 18.1 ± 3.5 aA

2%CH–2%ASC 19.1 ± 1.7 aA 19.4 ± 1.9 aA 19.3 ± 2.4 aA 18.4 ± 4.6 aA

* Values were presented in mean ± standard deviation (n = 6). Different lowercase and uppercase letters indicate
significance at α = 0.05 in the same row and column, respectively.

Polygalacturonase enzymes especially, cause changes in texture and loss of firmness of the
fruit [39,40]. However, firmness of 1%CH–5%ASC and 2%CH–2%ASC treated apples remained
stable during 14 days of storage. This can be explained with increment in chitosan and ascorbic
acid concentrations. 1% ASC and 1%CH–1%ASC treated apples lost their textural integrity faster
than apples coated with 1%CH–5%ASC and 2%CH–2%ASC. Those results are in line with the results
obtained by other researchers, which underline the beneficial effects of chitosan toward fruit firmness
maintenance [30,40].

3.3. Color

Data of browning index (BI) values calculated by using computer-vision based image analyses are
given in Figure 1. BI was increased with time during storage at 5 ◦C for all applications (p < 0.05).

Figure 2 shows the digital color images of fresh-cut apple samples with different treatments.
BI increased in control samples immediately after cutting apples, but chitosan–ascorbic coating retarded
the browning of the fruit. The browning index increased up to 64% in control samples and 54%
in 1%ASC treated samples while it was lower in 1%CH–5%ASC and 2%CH–2%ASC coated apples.
%1 ascorbic acid had also a positive effect on the browning ratio but in combination with chitosan, it was
more effective over storage time. Although browning occurred in chitosan–ascorbic acid combinations
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at the end of storage, 1%CH–5%ASC and 2%CH–2%ASC coatings retarded the browning in the first
three days.Coatings 2019, 9, x FOR PEER REVIEW 6 of 12 

 

 

Figure 1. Changes in the browning index (%) values of fresh cut apple samples during storage at 5 °C. 
Values are means of two replications. Vertical bars represent standard deviation. Data in the same 
day with each treatment having different superscript lowercase letters are significantly different (p < 
0.05). Data on each day of storage in the same treatment having different superscript uppercase letters 
are significantly different (p < 0.05). 

Figure 2 shows the digital color images of fresh-cut apple samples with different treatments. BI 
increased in control samples immediately after cutting apples, but chitosan–ascorbic coating retarded 
the browning of the fruit. The browning index increased up to 64% in control samples and 54% in 
1%ASC treated samples while it was lower in 1%CH–5%ASC and 2%CH–2%ASC coated apples. %1 
ascorbic acid had also a positive effect on the browning ratio but in combination with chitosan, it was 
more effective over storage time. Although browning occurred in chitosan–ascorbic acid 
combinations at the end of storage, 1%CH–5%ASC and 2%CH–2%ASC coatings retarded the 
browning in the first three days. 

 Day 0 Day 3 Day 7 Day 14 

W
at

er
 (C

on
tr

ol
) 

    

  
  

%
1 

 A
SC

 

    

1%
C

H
-1

%
A

SC
 

    

0

10

20

30

40

50

60

70

80

0 3 7 14

Br
ow

ni
ng

 In
de

x

Storage time (Days)

C ontrol

1% A SC

1% C H -1% A SC

1% C H -5% A SC

2% C H -2% A SC

cC

aC

bA
bA

bA
bB

aB

bB

cA

A

aB

bA

cA

c
cA

aD
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significantly different (p < 0.05).
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Chitosan–ascorbic acid coatings inhibited the browning of apple pieces, and browning inhibition
was enhanced by increasing the ascorbic acid and chitosan ratio in the solution. These results were
also supported by the studies on the beneficial side of chitosan on browning [41–43]. In addition,
anti-browning agents such as ascorbic acid and citric acid suppress the polyphenol oxidase activity
working as reducing agents [44].

3.4. Phenolic Compounds

The most important flavanol compounds in apples, catechin, epicatechin and chlorogenic acid
(5-Caffeoylquinic acid), were determined, and concentrations (C/C0) of those polyphenols were
presented in Table 3. Those compounds are strongly related with browning, because they are
well-known substrates to the polyphenol oxidase enzyme [45]. The concentrations of epicatechin and
catechin in control samples decreased at a ratio of 70% and 90%, respectively, at the end of storage.
However, initial concentrations of catechin and epicatechin could be retained 89% and 71%, respectively,
in the samples coated with the mixture of %1CH–5% ASC (Table 3).

Table 3. Changes in the dimensionless concentrations (C/Co) of certain phenolic compounds in fresh
cut apples during storage at 5 ◦C *.

Analysis Day Control 1%CH–1%ASC 1%CH–5%ASC

Catechin

0 1.00 ± 0.00 aA 1.00 ± 0.00 aA 1.00 ± 0.00 abA

6 0.17 ± 0.02 bA 0.80 ± 0.12 bB 1.17 ± 0.09 aC

12 0.13 ± 0.01 bcA 0.21 ± 0.02 cA 0.95 ± 0.09 bB

18 0.10 ± 0.02 cA 0.20 ± 0.00 cA 0.89 ± 0.07 bB

Epicatechin

0 1.00 ± 0.00 aA 1.00 ± 0.0 aA 1.00 ± 0.00 aA

6 0.35 ± 0.07 bcA 0.89 ± 0.09 aB 0.75 ± 0.11 abB

12 0.46 ± 0.00 bA 0.42 ± 0.01 bA 0.55 ± 0.09 bA

18 0.30 ± 0.00 cA 0.28 ± 0.03 cA 0.71 ± 0.19 abB

Chlorogenic acid

0 1.00 ± 0.00 aA 1.00 ± 0.00 aA 1.00 ± 0.00 aA

6 0.93 ± 0.00 aA 1.05 ± 0.11 aA 1.06 ± 0.02 aA

12 0.99 ± 0.08 aA 1.30 ± 0.04 aAB 0.82 ± 0.01 bBC

18 1.06 ± 0.07 aA 1.12 ± 0.04 aA 0.91 ± 0.13 abA

* Values were presented in mean ± standard deviation (n = 2). Different lowercase and uppercase letters indicate
significance at α = 0.05 in the same column and row, respectively.

Chlorogenic acid was not significantly affected (p > 0.05) by the storage period for all applications
(Table 3). According to the results the best application to retain polyphenol content in apples was 1%
chitosan and 5% ascorbic acid formulation. Ascorbic acid treatment combined with chitosan preserved
polyphenol content to maintain the same levels as the first day. Moreover, increasing the ascorbic
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acid proportion from 1% to 5% in the coating solution was more effective for maintaining phenolic
compounds. Similarly, ascorbic acid with carboxymethyl cellulose coating maintained phenolic
compounds in fresh-cut apple slices [7]. It has been reported that ascorbic acid ensures protection by
its oxygen scavenger property and avoiding polyphenol oxidase-catalyzed reactions [46].

3.5. Microbialanalyses and Shelf Life Modelling

In the first day of storage, in all samples, total aerobic mesophilic bacteria, total yeasts and molds
were found to be below the detectable amount. In the control sample and 1% ASC treated sample,
the number of total yeasts and molds was determined as 6.5 ± 0.4 log cfu/g and 6.9 ± 0.2 log cfu/g at the
end of storage, respectively (Table 4). To evaluate the results on Table 4, pH values of coating solutions
were also measured and determined as: Control solution: 6.80; 1%CH–1%ASC: 4.42; 2%CH–2%ASC:
4.45; 1%CH–5%ASC: 3.31; 1% ascorbic acid: 2.92; all at room temperature. Cadogan et al. 2014
investigated the effect of solvents on antibacterial activity of chitosan membranes. They showed that
the chitosan dissolved in ascorbic acid had higher antimicrobial activity than the chitosan dissolved in
citric and maleic acid. This was related with the crosslinking effect of ascorbic acid. Polymer molecules,
i.e., chitosan, could have easily penetrated into bacterial cell walls and hence changed the internal pH
of bacteria [47]. In our study, the ratio of chitosan was the same in 1% CH– 5%ASC and 1%CH–1%
ASC coatings. Their pH levels were 3.31 and 4.45, respectively. Treatments of 1%CH–5%ASC showed
no yeast and mold growth in day 14 while 3.2 log CFU/g was observed in 1%CH–1%ASC. This could
be related with pH and crosslinking properties of ascorbic acid. However, the 1% CH–1% ASC and
2%CH–2%ASC coatings’ pH levels were 4.42 and 4.45, yet the antimicrobial activity was higher in
2%CH–2%ASC. This could be derived from the higher amount of chitosan.

Table 4. Changes in the counts of yeasts and molds, aerobic mesophilic bacteria and psychrophilic
bacteria (log10 CFU/g) in fresh-cut apples during storage at 5 ◦C *.

Treatment Day 0 Day 7 Day 14

Yeasts and molds
Control UDL * 4.0 ± 0.2 **aA 6.5 ± 0.4 aB

1% ASC UDL 5.0 ± 0.0 aA 6.9 ± 0.2 aB

1% CH–1% ASC UDL 2.5 ± 0.3 bA 3.2 ± 0.2 bA

2% CH–2% ASC UDL UDL UDL
1% CH–5% ASC UDL UDL UDL

Aerobic mesophilic bacteria
Control UDL 1.0 ± 0.0 A 3.1 ± 0.1B

1% ASC UDL UDL UDL
1% CH–1% ASC UDL UDL UDL
2% CH–2% ASC UDL UDL UDL
1% CH–5% ASC UDL UDL UDL

Psychrophilic bacteria
Control 1.0 ± 0.0 aA 4.0 ± 0.4 aB 5.2 ± 0.1 aC

1% ASC 1.1 ± 0.3 aA 4.0 ± 0.4 aB 5.1 ± 0.3 aC

1% CH-1% ASC 1.0 ± 0.0 aA 1.9 ± 0.3 bB UDL
2% CH-2% ASC 1.2 ± 0.2 a UDL UDL
1% CH-5% ASC UDL UDL UDL

* UDL:Under Detection Limit < l log10 CFU/g ** Values were presented in mean ± standard deviation (n = 4).
Different lowercase and uppercase letters indicate significance at α = 0.05 in the same column and row, respectively.

The quantity of aerobic mesophilic bacteria at the end of the storage was 3.1 log cfu/g in control
samples, while it was found to be below the detectable amount in coated samples. In that situation,
it can be said that chitosan film coatings with ascorbic acid reduced or inhibited the total aerobic
mesophilic bacteria and total yeasts and molds. The number of total psychrophilic aerobic bacteria
were increased in the control and 1% ASC treated apple samples up to 5.2 log CFU/g at the end of
storage, while it was determined below the detectable count in chitosan and ascorbic acid coated
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samples. Also, many researchers determined that chitosan coatings reduce microbial counts in fresh-cut
produce [18,48–50].

The microbiological data were described by using the Gompertz equation. The three interpretable
parameters defined by the model (maximum growth rate, lag time and maximum population density)
are given in Table 5. The model described the growth of yeast and mold counts, as well as those of
mesophilic aerobic counts with high determination coefficients (R2). The maximum growth rate and
maximum population density were highly influenced by the different treatments. The maximum
growth rate for yeast and molds were determined as 1.16 and 1.38 ∆ log10(CFU.g−1)/day for control and
1% ASC treated samples, respectively, while it was 0.49 for 1%CH-1%ASC coated apples. Those results
confirmed the microbiological counts and it was seen that microbial growth was faster in control and
1%ASC coated samples than other applications. Eventually, maximum growth (A) was higher for yeast
and molds in control and 1%ASC treated apples than that found in 1%CH–1%ASC treated apples.
That was also related with antimicrobial activity of chitosan.

Table 5. Gompertz model parameters for the growth of yeasts and molds, psychrophilic and mesophilic
bacteria in fresh-cut apples during storage at 5 ◦C *.

Population Treatments
Gompertz Model Parameters

A (log cfu/g) µmax
(∆ log [cfu/g]/day) λ (day) R2

Yeasts and molds

Control 6.63 ± 0.46 1.16 ± 0.09 3.52 ± 0.05 1.00
1% ASC 6.91 ± 0.20 1.38 ± 0.01 3.08 ± 0.09 1.00

1%CH-1%ASC 2.99 ± 0.42 0.49 ± 0.07 2.86 ± 0.70 1.00
2%CH-2%ASC − − − −

1%CH-5%ASC − − − −

Mesophilic aerobic
bacteria

Control 3.32 ± 0.10 0.46 ± 0.00 4.79 ± 0.02 1.00
1% ASC − − − −

1%CH-1%ASC − − − −

2%CH-2%ASC − − − −

1%CH-5%ASC − − − −

Psychrophilic
bacteria

Control 4.21 ± 0.11 0.94 ± 0.10 3.50 ± 0.21 1.00
1% ASC 3.96 ± 0.04 0.94 ± 0.20 3.46 ± 0.63 1.00

1%CH-1%ASC − − − −

2%CH-2%ASC − − − −

1%CH-5%ASC − − − −

* Gompertz model parameters; A: maximum population density; µmax: maximum growth rate; λ: lag time; R2:
coefficient of determination. Significance level at p < 0.05. Values are given in mean ± standard deviation of four
means. (−) Data not obtained due to the microbial growth under detection limit.

4. Conclusions

The results revealed that coating with chitosan and ascorbic acid was an effective solution for
inhibiting the growth of microorganisms, retarding enzymatic browning reactions and reducing the
weight loss of fresh-cut apples during refrigerated storage. Increasing the ratio of ascorbic acid in the
coatings decreased the browning ratio on fresh-cut apples. From a practical point of view, 1% chitosan
and 5% ascorbic acid coating successfully extended the cold storage period for 7 days in fresh-cut
apples by maintaining the browning level, preserving microbial and chemical quality. The results
suggest that coating with chitosan and ascorbic acid can be a viable approach to improve the shelf
life of fresh-cut fruits sensitive to microbial and chemical deterioration under refrigerated conditions.
Additionally, such an approach could be used in combination with modified atmosphere packaging to
further prolong the shelf life.

Patents
WO2015142303A1: A solution for extending shelf life of ready-to-eat fresh fruits and/or vegetables

and an application method thereof
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