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Research Article
Potential Application of Chitosan Based Edible Coating Combined with
Pomegranate and Lemon Peel Phenolic Extract on Apple and Kiwifruit Slices:
Physical, Chemical and Sensory Characteristics

Irem Burun', Gozde Kutlu?", Fatih Tornuk?®?
ABSTRACT
The aim of this study was to assess the impact of different coatings, namely neat chitosan and chitosan
combined with pomegranate and lemon extract, on the quality of apple and kiwifruit slices during 21 days of
storage at 8°C, and the results were compared to the control samples (uncoated). Results showed that dry matter
content of control samples was initially lower than that of the coated ones, while it increased during the storage.
Phenolic added chitosan coatings consistently resulted in higher dry matter levels than neat chitosan. During
storage, pH values ranged from 4.40 to 4.74 for apple slices and from 3.68 to 4.05 for kiwifruit slices,
respectively. The pH value of the control samples was higher on the 7" day compared to the initial
measurement, and then gradually decreased for both apple and Kkiwifruit slices. Chitosan alone slightly
increased apple slices' pH, while the combination of chitosan+phenolic extracts decreased it. Uncoated apple
slices experienced ongoing weight loss of up to 6.64%, compared to 2.93% for kiwifruit slices during storage,
indicating a higher rate of weight loss in apples than in Kiwifruits. Furthermore, negative weight loss was
observed in the coated fruits. Coating aplications caused significant changes in L*, a* and b* values, with
kiwifruit slices consistently exhibiting lower color values compared to apples. No visual fungal decay was
observed in any sample during the storage. Uncoated samples had higher sensory scores at the beginning of
the storage while coating application provided better scores as the storage progresses, showing the preservative
effect of the chitosan-based coating on the fruit slices. Overall, this study confirmed that coating of kiwifruit
and apple slices with chitosan or chitosan + lemon/pomegranate phenolics could provide better quality and
longer shelf life.
Keywords: Postharvest, fruit preservation, chitosan, coating.

Elma ve Kivi Dilimlerinde Nar ve Limon Kabugu Fenolik Ekstrakt ile
Birlestirilmis Kitosan Bazh Yenilebilir Kaplamanin Potansiyel Uygulamasi:
Fiziksel, Kimyasal ve Duyusal Ozellikler

oz

Bu ¢alismanin amaci, kitosan ve kitosan + nar ve limon ekstrakti kullaniminin, elma ve kivi dilimlerinin kalitesi
iizerine etkisini, kaplanmamis 6rneklerle karsilagtirarak 21 giin boyunca 8°C'de degerlendirmektir. Elde edilen
bulgular, depolama siiresince kitosan kaplamasi ve kitosan+fenolik ekstrakt kombinasyonunun kontrol
ornekleri ile karsilagtirildiginda elma ve kivi dilimlerinin kuru madde igeriginin arttirdigini gostermistir.
Fenolik eklenmis kitosan kaplamalar, saf kitosan kaplamaya gore daha yiiksek kuru madde igerigine sahiptir.
Depolama siiresince, pH degerleri elma dilimleri i¢in 4,40 ile 4,74 arasinda iken kivi dilimleri igin 3,68 ile 4,05
arasinda degismistir. Kontrol orneklerinin pH degeri, elma ve kivi dilimleri igin baglangigtaki 6lgiim
sonuglarma gore 7. giinde daha yiiksek seviyededir ve daha sonra her iki dilim i¢in de bu degerler kademeli
olarak azalmistir. Yalnizca kitosan kullanimi, elma dilimlerinin pH degerini hafif¢e arttirmis, fenolik
ekstraktlarmn kitosan ile birlikte kullanimi ise pH degerini azaltmigtir. Kaplanmamis elma dilimlerinde
depolama siiresince %06,64'e kadar olan bir agirlik kayb1 yasanirken bu oran kivi dilimlerinde %2,93°tiir. Bu
da elmalarin kivilerden daha yiiksek bir agirlik kaybi oranina sahip oldugunu gostermektedir. Ayrica,
kaplanmig meyvelerde negatif agirlik kaybi1 gozlemlenmistir. Kaplama uygulamalar1 L*, a* ve b* degerlerinde
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Potential application of chitosan based edible coating combined with
pomegranate and lemon peel phenolic extract on apple and Kiwifruit slices:
Physical, chemical and sensory characteristic

O6nemli degisikliklere neden olmus, Kivi dilimleri siirekli olarak elmalara gore daha diisiik renk degerleri
sergilemigtir. Herhangi bir 6rnekte gozle goriiliir bir kiif olusumu goézlemlenmemistir. Kaplanmamis 6rnekler
depolamanin baglangicinda daha yiiksek duyusal puanlar alirken kaplama uygulanan ornekler depolama
ilerledik¢e daha iyi puanlar almistir. Bu da kitosan tabanli kaplamanin meyve dilimleri {izerindeki koruyucu
etkisini gostermektedir. Genel olarak, bu ¢alisma, elma ve kivi dilimlerinin kitosan, kitosan+limon/nar fenolik
ekstraktlar1 ile kaplanmasinin daha iyi kalite ve daha uzun raf 6mrii saglayabilecegini dogrulamistir.

Anahtar kelimeler: Hasat sonrasi, meyve koruma, kitosan, kaplama.
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Introduction

The susceptibility of fruits to decay, their
sensitivity to low temperatures, and their overall
perishability, caused by rapid ripening and
softening, pose limitations on their storage,
handling, and transportation capabilities (Abbasi
et al., 2009). The application of edible coatings
on the surface of fruits, combined with cold
storage, is a promising method for extending
their shelf life, maintaining quality, protecting
against postharvest diseases, and minimizing
losses of these highly perishable fruits (Badawy
etal., 2017). The Food and Drug Administration
(FDA) and the United States Department of
Agriculture (USDA) define "fresh" and
"minimally processed" products as fruits and
vegetables that are freshly cut, washed,
packaged, and maintained at refrigerator
temperature (De Corato, 2019). Minimally
processed fruits and vegetables are also
described as "maintained products" because they
naturally offer a high standard of quality,
characterized by genuine freshness and a rich
content of essential nutrients such as minerals,
fiber, vitamins, and antioxidants (De Corato,
2019).

Chitosan (Cs, 2-amino-2-deoxy-D-
glycopyranose), derived from chitin (2-
acetamide-2-deoxy-D-glycopyranose) through a
process called deacetylation, is a natural
polysaccharide (Gomes et al., 2020). CS, an
USFDA (the United States Food and Drug
Administration)-approved "Generally
Recognized as Safe" (GRAS) food additive, is
widely used in the food industry. Its application
is attributed to its mucoadhesiveness,
biocompatibility, biodegradability, non-toxicity,
non-immunogenicity, and its proven ability to
inhibit various fungal pathogens affecting plants
(Atlar et al., 2024; Badawy et al., 2017;

Feyzioglu & Tornuk, 2016; Gomes et al., 2020;
Kutlu, 2021). When applied as a coating on fruits
and vegetables, CS creates a semi-permeable
barrier that slows down respiration and ripening
of freshly cut fruit. Consequently, these coatings
help minimize moisture loss, weight loss, and
contribute to maintaining the overall quality
(Badawy et al., 2017). Films and edible coatings
are described as thin layers of material that create
a protective barrier around edible items,
allowing them to be ingested with the coated
product (Abbasi et al., 2009).

The peels of vegetables and fruits, often
discarded as waste, have the potential to serve as
valuable additives due to their antifungal and
antimicrobial properties, making them suitable
for inclusion in coating formulations (Nair et al.,
2018). Lemons are rich in essential natural
nutrients, including phenolic compounds (e.g.
eriocitrin, coumarins, limonoid glycosides)
dietary fiber, essential oils, and carotenoids.
Recent evidence suggests that lemons possess
antibacterial, antioxidant, and anti-inflammatory
features, contributing to their beneficial impacts
on overall health (Xi et al., 2017). The
pomegranate peel is widely recognized as a rich
source of phenolic acids, flavonoids, and tannins
(including ellagitannins like punicalagin and
punicalin). These compounds have attracted
significant interest and favour for the
development of novel antimicrobials due to their
potential health benefits and wide range of
biological functions (Singh et al., 2019). The
simultaneous use of CS and extracts from fruit
processing by-products holds the potential not
only to enhance the value of these materials but
also to advance the development of innovative
and eco-friendly fruit protective technologies
(Gomes et al., 2020). There have been numerous
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studies in the literature concerning the coating of
apples (Qi et al., 2011; Liu et al., 2016; Garrido
Assis et al., 2011) and Kiwifruit slices (Kaya et
al.,, 2016; Guroo et al., 2021) with CS.
Nevertheless, upon reviewing previous studies
in the literature, it was found that there were no
available scientific studies on the physical,
chemical, and sensory attributes of apple and
kiwifruit slices coated with pomegranate (PPE)
and lemon peel phenolic extract (LPE) combined
with CS as an edible coating. In this context, the
present study was undertaken (i) to prepare
edible coatings formulated with CS and phenolic
rich extracts from pomegranate and lemon peel,
and (ii) to determine the effects of these coatings,
including only CS and CS-phenolic extracts,
compared to uncoated apple and kiwi fruits, on
some physical, chemical and sensory properties.

Material and method

Materials
High molecular weight chitosan was obtained
from  Sigma-Aldrich  (Germany).  Fresh

pomegranate (Punica granatum L.) peels were
obtained from local pomegranate juice sellers,
while lemon (Citrus limon Burm.) peels were
collected as household waste. The peels were
rapidly transferred to the laboratory and dried in
a fan-assisted oven (Memmert UF-110,
Germany) at 40°C for 18 h. The peels were then
ground using a coffee grounder to provide
powders and stored at +4°C in polyethylene
plastic bags until extraction.

Fresh apple (Pyrus malus L.) and kiwifruits
(Actinidia  deliciosa cv. ‘Hayward’) were
obtained from a local supermarket in Istanbul
(Turkiye) and immediately transported to the
laboratory. After peeling, the fruits are sliced at
room temperature with a sharp stainless-steel
knife with a thickness of 1 cm and an average
weight of 1 g.

Extraction of phenolic compounds from
lemon and pomegranate peels

A mixture containing 25% lemon peel and 75%
pomegranate peel, totaling 900 g of ground
peels, was mixed with distilled water at a ratio of
1/9 (w:v). The mixture was stirred at 200 rpm
using a magnetic stirrer (IKA C-MAG HS 7,
Germany) at room temperature for 24 h.
Subsequently, centrifugation (Thermo

Scientific, Centrifuge Multifuge X3 FR) was
performed. The resulting supernatant was
obtained and freeze-dried in a lyophilizer (Christ
B 1,8-LSC plus, Martin Christ GmbH, Osterode
am Harz, Germany) to obtain the dried extracts.

Preparation of coating solution

The CS-based coating solution was prepared by
dissolving CS at a concentration of 2% (w:v,
decided by preliminary experiments) in diluted
acetic acid (1%, v:v) containing 0.05 g/100 ml of
Tween 80, with pH values adjusted to 5.6 using
1 mol/L NaOH. After complete dissolution, the
phenolic extract consisting of LPE and PPE was
added to the CS solution at a 1% ratio and mixed
using a magnetic stirrer for 6 h at room
temperature and coating solutions  were
obtained. A neat chitosan coating solution
without the extract was also prepared.

Coating of kiwi and apple slices

The fruit slices were directly immersed in the
prepared coating solution at room temperature
for 2-3 min, and then applied coating was left
wet for a few min after draining the slices.
Subsequently, the fruit slices were dried in an
oven at 35°C for 18 h. The coated fruits were
stored at 8°C for 21 days in plastic storage
containers 85-90% relative humidity for the
further analyses. Fruit samples were coded as
follows: CA, uncoated apple slices; CCA, apple
slices coated with neat chitosan; PCCA, apple
slices coated with chitosan+phenolic extract;
CK: uncoated kiwifruit slices; CCK, kiwifruit
slices coated with neat chitosan; and PCCK,
kiwifruit slices coated with chitosan+phenolic
extract. On the 0™, 7 14" and 21 days of
storage, the fruit samples were analyzed.
Characterization of coated fruit slices
Determination of dry matter content

The gravimetric method was used to determine
the dry matter content of the samples (3 g). The
difference of weights of fruit samples before and
after drying at 105°C for 18 h was calculated
and given as percentage (AOAC International,
2002).

pH determination
For determination of pH values of the fruit slices,
10 g of the sample was weighed, and combined
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with 90 g of distilled water. The mixture was
homogenized using a high-shear homogenizer
(Ultra Turrax, Daihan, HG-15D), and the pH
values of the fruit samples were measured
directly by immersing the pH-meter probe in the
mixture at ambient temperature (Mannozzi et al.,
2017).

Weight loss

The fruit samples were weighed on the 0™, 7,
14™ and 21% days, and the weight loss was given
as percent (AOAC, 1994).

Color measurement

A Hunter Lab Colorflex (CFLX 45-2 Model
Colorimeter, Hunter Lab, Reston, VA) was used
to measure the L* (lightness), a*
(redness/greenness), and b*
(yellowness/blueness) values of the samples
(Mannozzi et al., 2017).

Visual observation of fungal decay

The fruit samples were visually inspected on the
o, 7 14% and 21% days of storage to identify
any signs of fugal decay. They were considered
infected if a visible lesion was observed
(Benhabiles et al., 2013).

Sensory analysis

The sensory properties of the fruit samples were
examined on days 0, 7, 14, and 21. A hedonic
scale ranging from 1 to 5 was used to evaluate
the texture, taste, and odor of the samples by the
panelists (n=8) (Han et al., 2006).

Statistical evaluation

The findings, derived from a minimum of three
parallel analyses, were presented as mean =+
standard deviation. One-way analysis of
variance (ANOVA) (Student's t test; p < 0.05)
was performed using JMP Statistical Software
version 6 (SAS Institute, Cary, NC) to determine
the significant differences between the data
(Kutlu et al., 2024).

Results and Discussion

Dry matter contents

During the 21 days of storage, the dry matter
contents of CA, CCA, and PCCA samples
ranged from 75.4% to 86.2% (Figure 1a). The

dry matter contents of the CA samples increased
until the 7" day, remained nearly constant on the
7" and 14" days, and showed a significant
increase on the 21% storage day compared to
other tested storage days. On the other hand,
CCA and PCCA exhibited similar trends in dry
matter changes during storage. According to this
trend, the dry matter decreased until the 14" day
and remained almost constant between the 14"
and 21° days. In a related study, Mannozzi et al.
(2021) evaluated the effects of different coating
methods (dipping and spraying) and coating
solutions (alginate, 5% and 10%) on the fresh-
cut mellons. They found a significant decrease in
the moisture content of coated fresh-cut melons
over 11 days. Moreover, Mannozzi et al. (2017)
studied the effects of various coatings (pectin
and/or sodium alginate) on blueberries and
found that the dry matter content tended to rise
over 14 storage days in both untreated and coated
samples. However, in the study by Mannozzi et
al. (2018), blueberry fruits coated with chitosan
+ proanthocyanidins showed no statistically
significant changes in dry matter content over 14
days, whereas in chitosan-coated samples, there
was a slight increase until the 10" day and a
decrease on the 14" day.

During the storage duration, the dry matter
contents for CK, CCK, and PCCK samples were
as follows: CK ranged from 65.3% (0" day) to
74.1% (21% day), CCK ranged from 75.8% (21%
day) to 77.4% (0" and 7" day), and PCCK
ranged from 76.8% (21° day) to 78.6% (0" day)
(Figure 1b). The dry matter contents of CK
samples increased until the 7" day, remained
nearly stable on the 7" and 14" days, and
increased again on the 21% day. The dry matter
contents of CCK and PCCK samples decreased
until the 14" day, and although there was a slight
increase between the 14" and 21% days, this
increase was found to be statistically
insignificant (p>0.05). Accordingly, the coated
kiwifruit slices showed greater stability in terms
of changes in dry matter content during storage
compared to the control samples. These results
showed that the dry matter content of both apple
and kiwifruit slices increased when they were
only subjected to CS coating or when they were
coated with a combination of phenolic extracts
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and CS, compared to the control samples. This
rise can be due to the the presence of coating
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Figure 1. Dry matter content of apple (a) and kiwifruit samples (b) during 21 days of storage.

pH

The optimal pH for maximum PPO activity
ranges from approximately 4 to 7, and this can
vary depending on factors such as the fruit part
from which the enzyme is extracted, the
extraction method used, and the specific
substrate involved (Rocha et al., 1998). In many
studies, the optimal pH for apple PPO is reported
to be between 4.5 and 5.0, while other studies
indicate the presence of two separate optimum
points, around pH 5.0 and 7.0 (Yoruk &
Marshall, 2003). Throughout the 21-day storage
period, the pH levels of CA, CCA, and PCCA
samples ranged from 4.54 to 4.70, 4.63 to 4.74,
and 4.40 to 4.61, respectively as illustrated in
Figure 2a. The differences observed in pH values
during storage were found to be statistically
significant (p<0.05). During the storage period,
PCCA samples had the lowest pH values, while
CCA samples (except on the 7" day) had the

highest pH values. That is, in comparison to the
control, the use of CS alone as a coating material
slightly increased the pH, while the addition of
phenolic extracts to the coating formulation
resulted in a slight decrease in pH, showing that
CS coating in apple slices controlled the pH
variations at 8°C. In other words, CCA samples
effectively postponed fruit senescence during the
storage period in comparison to other samples.
This could be attributed to the formation of a
semi-permeable CS film on the fruit's surface,
which likely altered the internal atmosphere,
specifically the inherent CO, and O, levels,
thereby slowing down the ripening process
(Abbasi et al., 2009). Previously, Kumar et al.
(2021) reported that as fruits and vegetables
were stored, their pH typically decreased over
time, primarily due to delayed utilization of
organic compounds as well as an increase in
respiration rate and acidity.
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Figure 2. pH values of apple (a) and kiwifruit samples (b) during 21 days of storage.

Acidity is the primary factor that affects the taste
of fruits (Manzoor et al., 2021). As depicted in
Figure 2b, the pH levels of CK, CCK, and PCCK
samples varied within the ranges of 3.80-3.90,
3.70-4.0, and 3.68-4.05, respectively, during the
21-day storage period. The differences in pH
values were found to be statistically significant
(p<0.05). While the pH value was higher in CCK
samples compared to the CK and PCCK on the
0" day of storage, the highest pH level was
observed in PCCK samples on day 7. While the
pH value of the uncoated samples was the
highest at 14" and 21% days, this value was the
lowest in PCCK samples. Similarly, Huang et
al. (2017) coated Chinese Kiwifruits with
salicylic acid and/or chitosan and evaluated pH
changes over 14 days compared to control
samples. According to the findings, the highest
pH value was reached in the control samples on
Day 6, while the increase in pH in the coated
samples was reported to be lower compared to
the control sample. Likewise, Manzoor et al.
(2021) used different nanoemulsion coating
formulations (alginate/ carboxymethylcellulose,
vanillin, ascorbic acid) for improving the shelf
life of fresh cut kiwi. They reported that at day 7
of storage, the control fruit exhibited the most
significant pH increase, reaching 3.90.
Moreover, on the 14" and 21% days, the
observation of the lowest pH values in PCCK
samples was attributed to the inhibition of

organic acids' decomposition. This inhibition
was believed to occur due to the combined
effects of chitosan and phenolic extracts
containing LPE and PPE, which exhibit
antioxidative and respiration-inhibiting
properties (Fozi et al., 2022; Jodhani & Nataraj,
2021).

Weight loss

The loss of weight in vegetables and fruits is a
good index of quality degradation, which in turn
impacts their marketability (Nair et al., 2018).
The act of cutting and peeling fruits such as
apples leads to swift alterations in their color and
appearance, while skinless  fruit slices
experience gradual moisture and weight
reduction over time. This decrease in weight,
which inevitably occurs when the fruit's surface
lacks protection, is a factor that detrimentally
impacts the product's quality (Chauhan et al.,
2011; Cofelice et al., 2019). CA samples
demonstrated weight losses of 2.97% at the end
of 7 days, 4.54% at the end of 14 days, and
6.64% at the end of 21-days. Meanwhile, CCA
samples showed weight increases of 0.52% after
7 days, 2.33% after 14 days, and 6.14% after 21-
days. In terms of PCCA samples, their weights
increased by 0.44% after 7 days, 2.06% after 14
days, and 4% after 21-days (Table 1).

Table 1. Percent weight loss values of apple and kiwi-fruit slices during 21 days of storage.

Samples Weight loss (%0)

0" day 7" day 14" day 21" day
CA 0.00+0.00"2 2.97+1.907 4.54£2.014° 6.64+0.0242
CCA 0.00+0.00"2 -0.52+0.0182 -2.33+0.58B2 -6.14+0.0952

197



Potential application of chitosan based edible coating combined with
pomegranate and lemon peel phenolic extract on apple and Kiwifruit slices:

Physical, chemical and sensory characteristic

PCCA 0.000.00" -0.44+0.01°2 -2.060.805° -4.00+0.018°
CK 0.00+0.00" 2.2540.20" 2.89+0.034 2.93+0.09%
CCK 0.00+0.00" -0.92+0.0852 -1.88+0.01¢P -2.12+0.085°
PCCK 0.000.00" -0.66+0.0852 -1.62+0.0852 -1.92+0.028°

CA: Uncoated apple; CCA: Apple with chitosan coating; PCCA: Apple with chitosan+phenolic
extract coating; CK: Uncoated kiwifruit; CCK: Kiwifruit with chitosan coating; PCCK: Kiwifruit

with chitosan+phenolic extract coating.

The lowercase letters indicate the statistical difference among samples of the same fruit variety, while
the uppercase letters represent the statistical difference during the storage period (p<0.05).

S

CK samples experienced weight losses of 2.25%
after 7 days, 2.89% after 14 days, and 2.93%
after 21-days. The amount of weight loss in the
control samples was higher in apple samples
compared to kiwi fruits during the storage
period. The duration of storage also led to an
increased weight loss ratio, as previously
reported by Abbasi et al. (2009). The primary
reason for the highest weight loss observed in
untreated control fruits could be attributed to
their elevated rates of respiration and
transpiration (Shiri et al., 2013). That is, since
the uncoated pericarp lacked a protective barrier,
it allowed heat to transfer from the surrounding
environment into the fruit slices, resulting in
water loss (Lin et al., 2011). On the other hand,
CCK samples exhibited weight gains of 0.92%
after 7 days, 1.88% after 14 days, and 2.12%
after 21-days. PCCK samples showed weight
increases of 0.66% after 7 days, 1.62% after 14
days, and 1.92% after 21-days (Table 1).
Likewise, it was reported that the incorporation
of different compounds into the edible coatings
altered their water vapor permeability (Ali et al.,
2015; Nair et al., 2018). Additionally, weight
gain can occur due to the fact that some coating
materials, such as CS, have the ability to absorb
water (Dutta et al., 2009). This phenomenon
aided in regulating the formation of free water
within Kiwifruits (Huang et al., 2017). Moreover,
Kyriakidou et al. (2021) found that incorporating
PPE into CS films decreased their moisture
adsorption capacity, particularly in
environments with intermediate and high
relative humidity values (aw>0.4), likely because
of the hydrophobic nature of the extracted
phenolics from the pomegranate peel. This led to
the absorption of water on the surface of the
coated fruits, consequently resulted in weight

gain. In a related study, Howard and Griffin
(1993) observed no weight loss in minimally
processed carrot sticks after 15 days of storage at
2.5°C. This was likely attributed to the high
relative humidity inside the package, which
slowed down moisture loss and tissue
dehydration.

Color attributes

The color of products like apple slices serves as
a significant indicator of quality, with brown
apple slices being visually undesirable. This
discoloration occurs as a result of oxidative
reactions involving phenolic compounds
catalyzed by polyphenol oxidase, leading to the
formation of o-quinones and their subsequent
polymerization into various compounds (Lee et
al., 2003). Figure 3 provides a summary of the
color properties for both coated and uncoated
apple and kiwi samples. The L* value represents
the brightness level, ranging from 0 to 100 to
signify darkness to lightness (Atlar et al., 2024).
On the other hand, the a* value measures the
intensity of the green-to-red color spectrum,
where a higher positive value indicates a
stronger presence of red (Yavuz et al., 2022).
Similarly, the b* value indicates the intensity of
the blue-to-yellow color spectrum, with a higher
positive value indicating a greater presence of
yellow (Demirkan et al., 2024).

CA samples exhibited a range of L* values from
64.6 to 67.6 during the storage period. A
decrease in lightness was observed for CA
samples over time, except for the 7 and 14"
days when no significant changes in L* values
were noticed. Among the CCA samples, the
highest L* value of 73.2 was recorded on Day 0,
while the lowest L* value of 47.5 was observed
on Day 21. Lightness increased as the storage
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period advanced for CCA samples. The L*
values for PCCA samples showed an increase
with the progression of the storage period,
ranging from 59.6 to 69.9. Hence, the color of
PCCA samples became lighter as the storage
duration increased. According to Lin et al.
(2011), respiration generated bio-heat, leading to
an increase in the temperature of the fruit group,
which in turn accelerated water loss and
browning.

The a* values of samples named CA (8.7-11.7)
decreased until the 14™ day, and then slightly
increased on the 21% day. Regarding the samples
CCA (8.3-16.5), there was a significant increase
in redness until the 7" day, reaching its highest
level. The redness slightly decreased on the 14"
day and further decreased on the 21% day.
Among the apple samples, the lowest redness on
the 0™ day was measured in the CCA samples,
while the highest a* value at the end of storage
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was also observed in the same samples. For the
PCCA (8.2-13.6) samples, the highest level of
redness was measured on the 0™ day, and the
lowest a* values were observed on the 7™ day.
Subsequently, although the redness did not reach
the initial value (0™ day) during the other storage
periods (14" and 21% days), it increased to some
extent. In earlier findings, it was stated that lower
L* values and higher a* values were indicative
of increased browning (Lee et al., 2003). The
results of the study showed that the least
pronounced browning occurred in PCCA, while
the darkest coloration was observed in CCA on
different storage days. In other words, the
application of phenolic extracts inhibited
browning due to their reducing power.
Furthermore, while CS alone was insufficient in
preventing apple browning, its combination with
phenolic compounds had synergistic effects in
inhibiting browning.
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Figure 3. Color properties of apple and kiwifruit slices during 21 days of storage.

Regarding the b* values of CA samples (25.2-
36.2) (Figure 3) there was an increase in
yellowness until the 7 day, followed by a
decrease in yellowness throughout the rest of the

storage period. In the case of CCA samples
(22.8-37.3) (Figure 3), there was a significant
decrease in yellowness until the 14" day, but a
slight increase in yellowness was observed
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towards the end of storage (21% day). PCCA
samples (26.5-37.4) (Figure 3), on the other
hand, exhibited a different trend in the measured
b* values compared to the other apple samples,
showing fluctuations throughout the storage
period. However, at the end of storage, the b*
values were nearly the same as the initial values.
The results indicated that CS coating initially
increased the level of yellowness, but after 21
days, the samples with the lowest yellowness
were still found in CCA.

Similar to CCA samples, the L* values measured
during the storage period for CK (30.24-54.7),
CCK (31.3-41.0), and PCCK (32.3-42.9)
samples followed a comparable trend, indicating
an increase in darkness compared to the initial
value. The darkening of kiwifruit slices during
storage occurred due to the emergence of
translucent symptoms rather than enzymatic
browning. This was attributed to the fact that
kiwifruits had low levels of tannin and
polyphenol oxidase (Chiabrando et al., 2018).
Furthermore, Park & Luh (1985) reported that
the acidic nature of kiwifruit also suppressed
PPO activity. Except for Day 0, the coated
kiwifruit slices had a brighter color compared to
the uncoated kiwifruit slices on the other storage
days.

Regarding the CK samples, a* values ranged
from -5.6 to 3.5. On the 0" day of storage,
greenness was dominant, but by the 7% day, the
color shifted towards red, and this trend
continued in the subsequent storage days. In
contrast to CK and PCK samples, the CCK
samples exhibited a decrease in a* values
(ranging from 1.1 to 3.8) with an increase in
storage time. On the other hand, the PCK
samples showed an increase in a* values from
2.0 to 3.7 as the storage duration increased.

The b* values were determined for CK samples
(2.7-25.4), CCK samples (6.1-12.7), and PCCK
samples (5.6-17.0). The highest yellowness
values were measured on the 0™ day, but by the
7" day, there was a sharp decrease in yellowness.
Fluctuations continued in the following storage
days. However, compared to the initial values,
the storage duration resulted in a significant
decrease in yellowness for the kiwi samples.

Visual examination of fungal decay

Freshly cut fruits serve as ideal environments for
microbial proliferation due to their expansive cut
surface area, allowing water and nutrients to
seep from injured tissues, thus rendering them
highly prone to decay by microorganisms
(Manzoor et al., 2021). In the present study, no
visual mold formation and growth were
observed in any of the non-coated and coated
apple and kiwifruit slices. CS is extensively
documented for its potent and bioactive
fungicidal properties; numerous studies have
provided evidence of the antifungal
effectiveness of both natural and fungal-derived
CS against a diverse range of pathogenic fungi
(Tayel et al., 2010; Tayel et al., 2016). In
addition to its antimicrobial properties, chitosan
coating also inhibits polyphenol oxidase activity,
thus preventing

enzymatic deterioration of the fruit and reducing
both respiration rate and weight loss (Kaya et al.,
2016). Moreover, PPE was found to contain a
significant number of phenolic compounds,
particularly punicalagins, which are classified as
ellagitannins and have been demonstrated to
possess antifungal properties (Nicosia et al.,
2016). LPE contains flavonoids, which belong to
a group of secondary metabolites known for their
potent antioxidant properties (Jodhani &
Nataraj, 2021).

Sensory properties

The taste scores of both coated and uncoated
apple samples ranged from 2 to 5 as shown in
Table 2. Accordingly, the highest taste scores
were obtained on day 0. However, with an
increase in storage time, there was a significant
decrease in these scores. After 21 days of
storage, no significant difference was observed
between the tested samples (p>0.05), while the
PCCA samples significantly obtained the highest
taste score (3.0). As expected, sliced apple
samples obtained the highest odor score on day
0, while these scores were at their lowest level
on day 21. The highest odor scores after 21 days
of storage were observed in PCCA samples
(3.4). In terms of texture scores of apple slices,
the scores for CA ranged from 3.60 to 4.40, and
they decreased with the increase in storage
duration. However, this decrease was not
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statistically significant (p>0.05). The texture
evaluation results of CCA samples were found to
be 2.80 on days 0 and 7, and 3.00 on days 14 and
21. However, the slight increase was also not
statistically significant (p>0.05). On the other
hand, PCCA samples slightly decreased from
4.20 to 3.40 on day 7 and then remained
unchanged during the storage period. This slight
decrease can be due to acid hydrolysis of the
pectic acid, which resulted in increased softness
(Lee et al., 2003). For apple slice samples, the

application of CS or CS+phenolic extracts did
not have any negative effect on taste, or texture
throughout the 3-week storage period. Our
findings align with those of De Leon-Zapata et
al. (2015), who similarly observed that the
application of candelilla wax coating infused
with fermented tarbush extract on apples did not
result in any unfavorable alterations in their
appearance and taste over an 8-week storage
period.

Table 2. Sensory properties of apple and kiwifruit samples during 21 days of storage.

Sensory Samples Sensory scores

properties 0™ day 7" day 14" day 21" day
CA 5.00+0.002 4.20+0.8472 2.80+0.8482 2.00+0.71¢
CCA 4.40+0.8972 4.20+0.8472 3.20+0.8452 2.40+0.55%

Taste PCCA 4.20+1.307 3.80+0.8442 3.60+0.5552 3.00+1.00¢?
CK 4.00+1.00" 3.80+1.10% 3.80+1.10% 2.60+0.5552
CCK 4.60+0.55" 4.40+0.894 4.00+1.00" 3.20+1.1082
PCCK 4.60+0.8972 4.20+0.8472 3.40+1.3472 2.80+0.8482
CA 4.60+£0.55"° | 4.00+1.007B° 3.00+0.715° 1.80+0.84°
CCA 3.40£1.524° 3.00£0.7148P 2.80+0.845° 2.20+0.84°

Odor PCCA 4.20+0.84"° 4.40+0.55"82 4.20+0.4552 3.40+0.55
CK 4.40+0.894 4.40+0.89782 3.20+0.848¢2 2.60+0.55%
CCK 4.40+0.5572 3.40+1.14782 3.80-+0.845¢2 3.20+0.84%
PCCK 4.60+0.55”2 4.20+0.45782 4.00+0.008¢2 3.60+0.55%
CA 4.40+0.55" 3.8040.844 3.80+0.84" 3.60+0.55%
CCA 2.80+0.844" 2.80+0.844° 3.00£1.004 3.00£1.004°

Texture PCCA 4.20+0.8472 3.40+0.55%2 3.40+0.55%2 3.40+0.55%2
CK 4.80+0.452 4.20+0.8472 4.40+0.55%2 4.20+0.45%2
CCK 4.40+0.892 4.40+0.892 4.20+0.8472 4.20+0.8472
PCCK 4.60+0.55" 4.60+0.55" 4.40+0.55" 4.00+1.001

*The lowercase letters indicate the statistical difference among samples of the same fruit variety,
while the uppercase letters represent the statistical difference during storage period (p<0.05).

The taste scores of coated and uncoated Kiwi
samples ranged from 2.60 to 4.60 (Table 2).
There was not much variation in taste scores for
kiwi samples between 0 and 14 days, but after
21-days of storage, the lowest scores were
obtained. However, no significant difference
was found among tested kiwi samples after 21-
days of storage (p<0.05). Possible variations in
acidity, pH, and sugar/acid ratio of fruit samples
could be contributing factors to these
fluctuations in taste scores (Abbasi et al., 2009).

Regarding the odor characteristics of kiwifruit
slices, similar to apple samples, the highest
ratings were determined on day 0. These values
decreased until the end of the storage day. The
highest odor scores after the end of storage were
obtained by CCK and PCCK samples. However,
no statistical difference was found between
tested  Kkiwifruit ~ samples  stored  for
21days(p>0.05).

Firmness in fruits and vegetables is consistently
indicative of freshness and quality, and the loss

201



Potential application of chitosan based edible coating combined with
pomegranate and lemon peel phenolic extract on apple and Kiwifruit slices:
Physical, chemical and sensory characteristic

of texture contributes to fruit softening, resulting
in decreased consumer demand (Nair et al.,
2018). For kiwifruit samples, the highest texture
score level was observed on day 0. There were
slight fluctuations in the texture scores of CK
during the storage period; however, these
fluctuations were statistically non-significant
(p>0.05). The texture evaluation results of CCK
samples were found to be 4.40 on days 0 and 7,
and 4.20 on days 14 and 21, with a statistically
insignificant decrease (p>0.05). For PCCK
samples, texture scores remained unchanged on
days 0 and 7, while an increase in storage time
led to a decrease in these scores; however, this
decrease was not statistically significant
(p>0.05). The combination of phenolic extracts
and CS led to retardation of softening in
kiwifruit slices until 14 days of storage. This
phenomenon can be attributed to the restricted
microbial load, as well as decreased respiration
rate and moisture loss (Nair et al., 2018).

Conclusion

The findings showed that the coating process had
different effects on the dry matter content and pH
value of the apples during storage. Furthermore,
based on sensory analysis, apples coated with
CS+phenolic extract were superior in terms of
aroma and odor compared to other, suggesting
positive effects during storage. However,
CS+phenolic extract coated apple slices showed
increased browning compared to CS-coated and
uncoated slices. In the case of kiwi fruit, the
coated samples showed a different effect in
terms of dry matter content, pH and weight loss
compared to the control ones. During storage, all
kiwifruit samples exhibited a slight darkening
and less yellowness in color attributes. Browning
was most pronounced in samples treated with
phenolic extract+CS and least in CS-coated
kiwifruit. No visual observation of fungal decay
was detected in any of the apple and kiwifruit
slices, both coated and non-coated. In terms of
taste, CS-coated kiwifruits and CS+phenolic
extracts-coated Kiwifruits received the highest
preference, while in terms of odor and texture,
CS+phenolic extracts-coated kiwifruits obtained
the highest liking. In conclusion, the application
of CS+phenolic extract as active coatings on a
large scale are viable to preserve some quality
attributes of apple and kiwifruit slices.
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