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Effect of pectin-wax coating on the quality of fresh-cut apples
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ABSTRACT

The effect of edible coating using pectin-wax mixture and its incorporation with pistachio hull
extract were investigated on the quality characteristics of fresh-cut apples. For this purpose,
fresh-cut apples were treated with citric acid (control), pectin-wax (PW) mixture and pectin-
wax mixture containing pistachio hull extract (PWE). The samples were kept under two
separate temperatures at 5 °C for 8 days and at 20 °C for 32h. Changes in weight, color, total
phenolic content, were examined at different time points along storage time. Results
indicated that the apple pieces coated with PWE showed the lowest increase in browning
index followed by samples coated with PW. The applications of coatings were effective on
delaying the degradation of samples’ colors. The effect of coating fresh-cut apples with PWE
was less pronounced on a* values than on L* and b* values. Furthermore coating with PW
was affected L* values significantly. The temperature was also a factor affecting the samples
color. It was observed that samples kept at 5 °C have maintained the color coordinates.
Weight loss was observed significantly in uncoated samples comparing to those prepared with
coating. The weight losses were 4.77+0.21% and 6.60£0.24% at 20 °C, while these values were
17.29+0.54 and 26.81+0.60 at 5 °C for coated and uncoated samples respectively. The coatings
were effective in maintaining phenolic components. Total phenolic contents were
187.86+0.95 and 199.80+£0.99 mg GAE 100 g'1 apple at 5°C for uncoated and coated sample
with pistachio hull extract, respectively. However, phenolic contents were recorded as
128.89+0.80 and 130.53+0.86 mg GAE 100 g’ apple after 32 h storage time at 20 °C for
uncoated and coated sample with pistachio hull extract, respectively.

Key Words: Fresh-cut apple, Browning, Color parameters, Pectin, Wax

(074

Pektin-mum (vaks) (PW) karisimi ve bu karisimin antepfistigi kabugu ekstrakti ile
birlestirilmesinden olusan yenilebilir film kaplamanin, taze kesilmis elmalarin kalite 6zellikleri
Uzerindeki etkisi incelenmistir. Bu amagla taze kesilmis elmalar, sitrik asit (kontrol), pektin-
mum (vaks) (PW) karisimi ve antepfistigl kabugu ekstrakti iceren pektin-mum (vaks) (PWE)
karisimi ile muamele edilmistir. Ornekler 5 ° C'de 8 giin ve 20 ° C'de 32 saat olmak lizere iki
ayri sicaklikta depolanmistir. Depolama siiresi boyunca farkli zaman araliklarinda agirlik, renk,
toplam fenolik iceriginde meydana gelen degisiklikler incelenmistir. Esmerlesme indeksinde en
dusuk artisi fistik kabugu ekstrakti iceren pectin-mum (vaks) ile kaplanmis elma pargalari
gostermis, onu pektin-mum (vaks) ile kaplanmis 6rnekler takip etmistir. Uygulanan kaplamalar
orneklerin renklerinde meydana gelen bozulmayi engellemede etkili olmustur. Taze kesilmis
elmalarin fistik kabugu ekstrakti iceren pektin-mum (vaks) ile kaplanmasi L * ve b * degerlerine
gore *a degeri Uzerinde daha az etkili olmustur. Ek olarak pektin-mum (vaks) ile kaplama L*
degerlerini 6nemli olglide etkilemistir. Sicaklik 6rneklerin rengini etkileyen diger bir faktordr.
5 °C sicaklikta saklanan orneklerin renklerini koruduklari gozlemlenmistir. Kaplanmamis
orneklerde kaplanmis 6rneklere kiyasla onemli olgliide agirlik kaybi gozlenmistir. Agirlik kaybi
kaplanmis ve kaplanmamis 6rnekler igin sirasiyla 20 ° C'de % 4.7 +0.21 ve % 6.60+0.24 iken,
bu degerler 5 ° C'de 17.29 + 0.54 ve 26.81 + 0.60 idi. Kaplamalar fenolik bilesenlerin
korunmasinda etkili olmustur. Toplam fenolik igerigi fistik kabugu ekstresi ile kaplanmis ve
kaplanmamis érnekler igin sirasiyla 5 ° C'de 187.86 + 0.95 ve 199.80 + 0.99 mg GAE 100 g"1
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elma idi. Ancak toplam fenolik igerigi 20 ° C'de 32 saat depolama siiresinden sonra fistik kabugu ekstresi ile kaplanmis ve
kaplanmamis érnekler igin sirasiyla 128.89+0.80 ve 130.53+0.86 mg GAE 100 g'1 olarak kaydedildi.

Anahtar Kelimeler: Taze kesilmis elma, Esmerlesme, Renk parametreleri, Pektin, Mum (vaks)

Introduction

Food packaging is a process that demands
science, art and technology of protecting edible
goods when these three are combined, the
product is ready for sale or to be shipped. Ready-
to-eat (RTE) is a trendy food and increasingly has
been used in modern lifestyle. Popularity of RTE
food types is growing, especially amongst women
who are preoccupied with activities outside.
Ongoing efforts to provide the best options to
mitigate the challenges of shelf-life extension for
these kinds of food. Many studies are trying to
produce new technologies and preservation
procedures, which include bringing them in line
with the increasing volume of purchasing
(Manalili et al., 2011).

Recently, edible coating applications have
been under intentness for their great role into
promoting product shelf-life. It is an altenative to
reduce the deterioration caused by minimal
processing of fresh fruits (Ledn-Zapata et al,,
2015). Edible coatings provide semipermeable
barrier to extend the shelf-life of fresh-cut
products by reducing the migration of moisture
and solute, transmission of gas, maturation
process and oxidative reaction rates (Perez-Gago
et al., 2005). Their protective function may also
be enhanced with the addition of antioxidants,
antimicrobials, colorants, flavors, nutrients and
etc. In this way, they may also act as carriers of
food additives (Robles-Sanchez et al., 2013).

Apples are extremely rich in important
antioxidants, flavonoids, and dietary fiber (Du et
al., 2019). It is also one of the most consumable
2011).

Turkey is one of the biggest producer of apple

fruits internationally (Carbone et al,,
with the annual production of 3,032,164 tonnes
(FAO, 2019). In respect of apple importance, the
apple fruit the
experimental design to apply the technique of

has been engaged into

coating.
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Pistachios (Pistacia vera L.) fruit is well known
and edible
information is available about the hull constituted

for its oleaginous seed. Less
by the epicarp and the mesocarp. This part of the
fruit contains an essential oil that can be valorized
(Chahed et al., 2007). Turkey is the second largest
pistachio producer after United States with the
annual production of 155,000 tonnes (USDA,
2017). Organic hull is covering the harvested
pistachio fruit. A key by-product from pistachio is
produced from essential process after harvesting
called dehulling (remove the organic hull) applied
on the pistachio fruit (Pineiro, 2001). Dry matter
of dehulling process is a great source of
antioxidant, phenolic compounds and essential oil
such as a-pinene and alpha terpinolene (Ozel et
al., 2004; Goli et al., 2005). Moreover, green hull
is a good source of protein, fat, mineral salts and
vitamins (Goli et al., 2005; Chahed et al., 2008).
The aim of the present study is to formulate a
new edible coating using pectin-wax mixture and
its incorporation with pistachio hull extract to
enhance the coating process efficiency and

quality attributes of fresh-cut apples.
Material and Methods

Materials

Pectin APA 168 DB powder and carnauba wax
were procured from Cagdas Kimya (Istanbul,
Turkey). Folin-Ciocalteau phenol reagent, citric
acid (CA), gallic acid, sodium carbonate (Na,COs)
and other chemicals were purchased from Sigma-
Aldrich Corp. (St. Louis, Mo., U.S.A.).

Coating formulations

Two different coating mixtures were prepared
to coat the fresh fruit cuts. Wax solution (40 %,
w/v) (mixture 1) was prepared through mixing 10
g wax-flakes in 250 ml heated water using a hot
plate (Isolab, 613.01.001, Germany) at 80+5 °C.
After wax started softening a homogenizer was
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used to get a homogeneous solution at 15000
rom for 15 min using IKA® ULTRA-TURRAX® T18
Homogenizer (Staufen, Germany). Pectin solution
(80 %,
dissolving 20 g powdered pectin into 250 ml

w/v) (mixture 2) was prepared by

water at 8015 °C throughout bain marie. Then,
the solution stirred at 300 rpm for 30 min using a
homogenizer.

Mixture 1 added to mixture 2 at 8015 °C on a
hot plate. Then 15 minutes stirring applied at
15000 rpm and the first coating material pectin-
wax (PW) solution was formed. Finally, the
solution was cooled to room temperature and
then used immediately.

Pistachio hull extract was obtained to prepare
pectin-wax mixture containing pistachio hull
extract (PWE). 10 g of dried and powdered
pistachio hull was extracted with 250 mL of 50 %
ethanol (v/v) for 2 h at 60 °C in a rotary incubator
(New Brunswick Scientific, Nova 40, Edison, NJ,
USA). At the end of the extraction, the mixture
was centrifuged at 6000 rpm for 15 min (Hettich-
EBA 20, Andreas Hettich GmbH & Co. KG,
Germany) and the supernatant was collected.
Subsequently, the supernatant was concentrated
at 40 °C under vacuum using a rotary vacuum
evaporator (Heidolph Instrument GmbH & Co. KG,
Schwabach, Germany) and the concentrated
the
extraction with ethyl acetate (1:1, v:v) to get a

extract was subjected to liquid-liquid
purified extract. Then, the ethyl acetate fraction
was collected and the solvent was evaporated at
40 °C under vacuum.

1 g of pistachio hull extract was added to the
solution after the addition of mixture 1 to mixture
2 using the same method as described above to

form the second coating solution (PWE).

Fruit selection and preparation

The green uniform sized, defect-free apples
(Granny Smith) were purchased from local
market. The fresh apples stored at 4°C before
processing. The apples were washed, peeled and
cut into square pieces (approximately 2.5cm x
2.5cm x 0.7cm). A sharp stainless-steel knife was
used the to reduce

throughout process
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mechanical bruising and samples were processed
in a temperature-controlled room at 20+1°C. The
fresh-cut pieces immersed into a 100 mg I citric
acid solution (pH=3) for 5 min before coating
process in order to avoid the enzymatic browning.
After draining, the fresh-cut apples were dipped
into the coating solutions for 3 min and then all
pieces drained over a metal mesh for 10 min. A
maximum of 15 apples were processed at the
same time to minimize excessive exposure to
oxygen. Control samples were drained from citric
acid and kept without any further treatment.
Four apple pieces were placed in each foil tray, a
total of 69 trays were prepared for all treatments.
All trays were covered with plastic wrap. Finally,
samples were stored under two different
temperatures; 5£2°C and 20£2° C for 8 days and
32 h, respectively.

Weight loss determination

The weight of samples was measured at time 0
and at the different sampling times for both
storage conditions and treatments by weighing
three trays containing for apple pieces. Results
were expressed as the percentage loss of initial
weight (%) for non-coated and coated samples.
The weight loss (%) on wet basis (wb) of samples
was defined through the following linearized form
of the Peleg equation:

L~ Wi,

Weight Loss (%) = —+—"2 x 100 (1)

Lo

Where; W = weight of the sample at any point
(g) and W\ = initial weight of the sample (g).

Color measurements
The
periodically by a HunterLab ColorFlex instrument

color measurements were made

(Hunter Associates Laboratory, Inc., Reston, VA,
USA)
conditions using the CIELAB color parameters, L*,

for each treatments and storage

a*, and b*. Each measurement was taken at three
locations for each apple piece. A Minolta standard
the
the
results were reported as browning index (BI)

white calibration plate was used for

calibration of colorimeter. Furthermore,
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using the following formula:

BI = &2%3D » 100 2)

0.172
Where:

. (a*+1.75L%)
"~ (5.645L*+a*—3.012b*)

(2.1)

Also, the total color difference (AE (Eq. (3)),
chroma C* (Eq. (4)), Hue angle (Eg. (5)) were
calculated from the Hunter L*, a*, b* values and
used to describe the color changes during
storage.

AE = /(Lo — L)2 + (a, —a*)? + (b, — b*)? (3)

Where symbol “,” in AE refers to the color
reading of fresh apples.

Chroma = (a** + b*z)]/2 (4)
b* _1
Hue angle = tan (a—) (5)

Total phenolic contents

The total phenolic content (TPC) of noncoated
sample (NCS) and the samples coated with extract
(CSX) stored at 20 °C and 5 °C was determined at
the end of the storage period using Folin-
Ciocalteu method. The procedure reported by
Song et al. (2010) was used at a wavelenght of
760 nm. TPC of samples was calculated using a gallic
acid calibration curve. The results were expressed
as gallic acid equivalent (mg GAE 100 g™* apple).

Statistical analysis

Effects of the coating on quality parameters
were interpreted relating the coefficients of the
parameters and corresponding p values. The p
value below 0.05 indicates a confidence interval
of 95%. For weight loss and total phenolic content
experiments, two sample replicates were analyzed
at each corresponding time whereas for color
assessment three sample replicates were analyzed
at each corresponding time. The least square (LS)
means values were considered for all recorded
data. XLSTAT (Microsoft® Excel® 2016 MSO
(16.0.9226.2126) 46-bit.) was used to conduct
Analysis of Variance (ANOVA).

Results and Discussion

Weight loss

Average weight of the non-coated sample
(NCS) and coated sample (CS) was recorded
during storage period at 5 °C and 20 °C and
weight loss (%) was calculated. Figure 1 and
Figure 2 shows the weight loss of samples stored
at 5 °C and 20 °C, respectively. Both coated and
non-coated samples experienced a significant
weight loss during storage time. The results
indicated a dramatically lower percent weight loss
in CS when compared to the NCS. The weight loss
for CS (4.77+0.21%) was considerable different
from the NCS (6.60+0.24%) after the storage
period of 32 h at 20 °C. Similarly, the results
showed a lower weight loss for CS (17.29+0.54)
compared to NCS (26.81+0.60) after 8 days at 5 °C.

Fresh-cut products are highly vulnerable to
lose weight since they have elevated water
(Watada and Qi, 1999;
Toivonen and Brummell, 2008). Therefore, edible

transpiration rates

coatings help to decrease water loss of fresh-cut
products (Raybaudi-Massilia et al., 2008).

—e— NCS
—o— (S

30 4
25

20 A

%)

Weight loss (

Time (days)

Figure 1. Effect of coating on weight loss of fresh-cut apples
during storage at 5 °C. (NCS:Noncoated sample, CS:
Coated sample)

Sekil 1. Kaplamanin 5 °C’de depolama boyunca taze kesilmis
elmalarin agirlik kaybina etkisi. (NCS:Kaplanmamis
érnek, CS: Kaplanmis 6rnek)

The results of this study suggested a significant
influence of the coating process to reduce the
fresh weight loss thus extend the shelf life of
treated samples with coating solution. The
findings are in harmony with the results reported

by Krasniewska et al. (2014) who assessed the
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effects of pullulan coating on weight loss of
pepper kept at 16°C for 14 and 28 days and apple
at 16°C and 2°C for 14 and 28 days, respectively.

81 —@— NCS
—0— s

6 4

Weight loss (%)
.

Time (h)

Figure 2. Effect of coating on percentage weight loss of
fresh-cut apples during storage at 20 °C.
(NCS:Noncoated sample, CS: Coated sample)

Sekil 2. Kaplamanin 20 °C’de depolama boyunca taze
kesilmis elmalarin yiizde adirhk kaybina etkisi.
(NCS:Kaplanmamis 6rnek, CS: Kaplanmis érnek)

Their results showed that the coating process
resulted extension of storage time by the means
of preservation of weight and reduction of water
transportation. It has been also reported that the
use of lipids as a coating material decreases the
weight loss (Kester and Fenema, 1986) in fruits as
apples (Assis and Pessoa, 2004), mangoes (Hoa
and Marie Noelle, 2008), green bell peppers
(Beaulieu et al., 2009) and lemons (Bisen et al.,
2012).

Color change

Fresh color of fruits and vegetables s

enhancing the customers' appeal to consume the

) 5°C 100 -
100 4 . S
s e
H CsX
80
60 1
10 4 40 4
20 20
0 0

0 1 2 3 4 5 6 7 8

Time (days)

80 |

60

products. During storage, color change is one of
the most important changes in fresh-cut fruit
which directly affects perception of quality by
customers (Olivas and Barbosa-Canovas, 2005). In
the study context, color measurements were an
essential factor to evaluate the impact of coating
process on cut-fresh apples. Further analysis was
conducted after measuring the color coordinates
L*, a* and b* for all coated and non-coated
A better the
fluctuation of color coordinates was explored

samples. understanding  of
through calculating chroma, hue angle, browning
index (Bl) and AE-the color variation.

The coating treatment with pistachio hull
extract had a significant negative effect (p<0.05)
on L* values; by the means of the lowest L*
values (LS means=69.64) at the end of storage
period at 5 °C (Figure 3). Whereas coated samples
with  PW the highest ability of
maintaining L* (LS means=72.34) amongst the

showed

treatments  followed by the CS (LS
means=70.446). Significant differences were
found between samples coated with PW

compared to CSX (p<0.05). No significant
differences were observed between NCS and CS
regarding L* values (p=0.27). As shown in Figure
3, the highest values of L* were observed for CS
as followed by NCS and CSX at 20 °C, this might be
explianed by the effect of the light brown color of
pistachio hull extract that affect L* values and

brightnees of samples.

o
20°C N NCS
= cs
. CSX
- - .
0 6 12 18 24 32
Time (h)

Figure 3. Effect of different apple coating applications on L* values during storage at 5 °C and 20 °C. (NCS:Noncoated sample,

CS: Coated sample, CSX: Coated sample with extract)

Sekil 3. ElImada farkli kaplama uygulamalarinin 5 °C ve 20 °C’deki depolama boyunca L* degerlerine etkisi. (NCS:Kaplanmamis
ornek, CS: Kaplanmis 6rnek, CSX: Ekstrakt ile kaplanmis 6rnek)
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Figure 4. Effect of different apple coating applications on a* and b* values during storage at 5 °C and 20 °C. (NCS:Noncoated
sample, CS: Coated sample, CSX: Coated sample with extract)

Sekil 4. Elmada farkh kaplama uygulamalarinin 5 °C ve 20 °C’deki depolama boyunca a* ve b* dederlerine etkisi.
(NCS:Kaplanmamis 6rnek, CS: Kaplanmis 6rnek, CSX: Ekstrakt ile kaplanmis 6rnek)

Figure 4 shows the a* and b* values of samples
during the storage period at both temperatures of
5 and 20°C. Coating fresh-cut apples with PWE
was a significant source of variation in regards of
b*. Significant differences were found between
CSX and NCS (p=0.001), similarly between CSX
and CS (p=0.001). However, no significant effect
was found between CSX and CS (p=0.06). The
positive effect of the PWE was observed at both
storage temperature. As a result, lower b* values
were shown with CSX (LS means= 22.33) followed
by b* values of CS (LS means= 23.43) and higher
b* values recorded of NCS (LS means= 26.21).
Therefore, the coating process played a significant
role to protect the degradation of b* values, thus
maintaining the yellowness of the samples.

Meighani et al. (2015) studied the coating
process on pomegranate fruit by using three
different coating materials; resin wax (Britex Ti),
carnauba wax (Xedasol M14), and chitosan (1 and
2 % w/v) and evaluated the quality parameters of
samples during 40, 80 and 120 days storage at 4.5
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°C and 3 additional days at 20 °C. Their results
showed that the carnauba wax could maintain
considerably higher fruits quality in compare to
other coating materials. They have also obtained
a significant increase in b* values in the last days
of storage and they reported lower b* values for
the coated sample compared to control although
no significant differences were observed among
coating treatments.

The findings of this study are completely in line
with what reported by Meighani et al. (2015). It’s
worthy to mention that at the end of storage, the
highest and lowest b* were recorded with PWE
and control fruits with mean 26.21+0.6 and
22.33+0.5, respectively, while b* value for the
PW coating was recorded as 23.44+0.3. No
significant differences were observed in regards
of a* values amongst all treatments (p<0.05);
however, the CSX shows the highest ability to
maintain a* values along storage at lower and
higher temperatures (Figure 4). LS means of a*
showed lower values of CSX (LS means=0.54)
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followed by CS (LS means=0.62), lastly, higher
values of a* recorded for NCS (LS means=1.40).
Figure 5 and Figure 6 shows the effect of
coating type on Bl of fresh-cut apples stored at 5
°C and 20 °C, respectively. The obtained results
that had
significant effect on Bl values of samples (p<0.05).

demonstrated coating process a
However, no significant differences were
observed between CS and CSX (p>0.05). Coating
the samples with PWE has the highest effect on
browning index and the lowest Bl value was
recorded for CSX. Storing samples on a lower
temperature (5 °C) showed lower browning index
records in a respect to data recorded for samples
stored at 20 °C. However the differences were not
significant (p=0.05).

A research conducted by Alves et al. (2017)
showed that the application of soybean coating
incorporated with ferulic acid could have
significant positive impact on a* values. They
reported that the coating reduced the rise of a*
values for the treated apples after 7 days of
storage at 10°C whose increase is associated with

an increase in red color.

—&— NCS
—o— S

—v— CSX

60

55 4

50 4

45

Bl

40

Time (days)

Figure 5. Effect of different apple coating applications on
browning index during storage at 5 °C.
(NCS:Noncoated sample, CS: Coated sample, CSX:
Coated sample with extract)

Elmada farkli kaplama uygulamalarinin 5 °C’deki
depolama boyunca esmerlesme indeksi (izerine
etkisi. (NCS:Kaplanmamis érnek, CS: Kaplanmis
ornek, CSX: Ekstrakt ile kaplanmis érnek)

Sekil 5.

Oms-Oliu et al. (2008) studied the effect of
alginate and gellan based coatings incorporated
with antioxidants; N-acetylcysteine and glutathione
to preserve the quality of fresh-cut pears. Their
results showed that incorporation of antioxidants
into coating solutions has a positive influence in
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avoiding browning and intercept browning edges
in pears pieces over storage period. On the other
hands, substantial decrease observed after
calculating the hue angle values, related to browning
development, in both coated or non-coated fresh-
cut pears that not handled with antioxidants.
(2018) applied
technologies on potato

including application of edible coating, osmotic

Ceroli et al. various

preservation cubes
dehydration and antioxidants, and immersion in
antioxidants to determine major changes in
quality indicators including color indexes; L*, a*,
b*, Bl and AE. Final results indicated that a*, AE
and Bl showed differences between conservation
technologies, otherwise no significant variations
L* and b*
cubes

showed between treatments for

parameters. Immersing potato into
antioxidants resulted lower values of a*. Also, lower
value of AE amongst all other treatments. The
positive impact of antioxidants could be explained
with the capabilities of antioxidants against
that

browning and facilitating color changes.

oxygen interaction causes enzymatic

—s— NCS
—0— (S

70 4 —v— (SX

60 4

Bl

40 A

T T
0 6 12 18 32

Time (h)

24

Figure 6. Effect of different apple coating applications on
browning index during storage at 20 °C.
(NCS:Noncoated sample, CS: Coated sample, CSX:
Coated sample with extract)

Sekil 6. Elmada farkli kaplama uygulamalarinin 20 °C’deki
depolama boyunca esmerlesme indeksi (izerine
etkisi. (NCS:Kaplanmamis d&rnek, CS: Kaplanmis
6rnek, CSX: Ekstrakt ile kaplanmis 6rnek)

A review by Mufioz-Labrador et al. (2018)
showed that pectin coatings had better behavior
in the color variation (AE) after applying the citrus
pectin treatment as an edible coating on
strawberries during storage. Generally, the pectin
coatings presented a better behavior in the

variation of color with respect to the control.
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Table 1. C*, hue, and AE values for the samples of noncoated, coated and coated with extract at 5 °C.
Cizelge 1. Kaplanmamis, kaplanmis ve ekstrakt ile kaplanmis 6rneklerin 5 °C’deki C*, renk agisi ve AE degerleri.

Time

Noncoated sample

Coated sample

Sample coated with extract

Zaman Kaplanmamis 6rnek Kaplanmis 6rnek Ekstrakt ile kaplanmis érnek

Day c* hue AE c* hue AE c* hue AE

Gln
0 20.59 2.53 0 22.59 0.42 0 20.96 0.35 0
1 26.53 -0.38 7.53 21.79 29.15 2.62 23.15 2.03 1.90
2 25.18 -0.58 6.06 23.31 0.17 2.89 21.85 -26.17 7.33
3 24.84 -0.01 8.03 24.67 2.74 6.84 21.53 -0.12 7.98
4 27.90 -1.57 10.72 22.21 1.50 5.73 20.53 -51.95 9.92
5 25.72 0.08 7.56 24.88 -1.19 9.50 23.89 -0.73 10.00
6 26.83 0.05 7.84 22.83 0.27 6.79 21.01 2.70 7.66
7 28.28 -0.77 10.66 26.12 0.06 10.40 21.42 0.49 9.18
8 24.60 -0.16 5.21 22.26 -2.29 6.24 21.77 2.93 9.71

Table 2. C*, hue and AE values for the samples of noncoated, coated and coated with extract at 20 °C.
Cizelge 2. Kaplanmamis, kaplanmis ve ekstrakt ile kaplanmis érneklerin 20 °C’deki C*, renk agisi ve AE dederleri.

Time Noncoated sample Coated sample Sample coated with extract
Zaman Kaplanmamis érnek Kaplanmis érnek Ekstrakt ile kaplanmis érnek
h C* hue AE c* hue AE c* hue AE
saat
0 21.31 -1.04 0.00 19.43 0.93 0.00 21.58 0.99 0.00
6 31.83 -0.40 13.73 21.98 0.18 5.90 25.04 0.17 5.07
12 29.30 -2.04 11.10 25.49 -0.67 8.53 23.61 -4.80 5.63
18 28.41 -5.90 9.60 23.71 -2.74 7.65 22.28 1.27 7.95
24 25.62 -0.61 20.32 27.59 0.36 12.28 22.73 2.03 7.38
32 31.69 0.26 14.98 25.82 -5.12 11.78 21.59 0.73 8.91

The Chroma (C*) relates the chromatic
parameters a*, b* and L*, and reflects the
enzymatic activity being greater whenever that
value decreases (Mufioz-Labrador et al., 2018).
CSX showed the lowest values of C* (LS means=
22.33) preceded by CS (LS means=23.78) and NCS
had the highest C* values at 5 °C (LS means=
26.71) as values given in Table 1. Table 2 shows LS
means values of C*, hue, and AE when the
samples are kept at 20 °C. Significant differences
were observed between C* values of coated and
uncoated samples (p=0.001). In contrast with, hue
values where CSX showed the lowest hue values
(LS means= -4.39), On the other hand, PW
samples had (LS means=2.02) and the highest hue
values recorded for NCS (LS means=-0.42) and the
differences were not significant amongst the
treatments(p=0.05).

Total phenolic contents

Testing the concentrations of phenolic content
in a product provides a summary about the
treatments used and also gives an idea about
product deterioration throughout the storage
process. Furthermore, oxidize phenolic components

forming o-quinones which is speeding up the
process of browning reactions eventually brown
pigments formulation happened (Sapers, 1993).

Enhancing pectin-wax coating with pistachio
hull extract to form edible PWE coating has a
positive impact on sustaining the concentration of
TPC in fresh-cut apples at both 20 and 5 °C
temperatures. Table 3 shows TPC values by
testing total phenolic levels at time zero and by
the end of experiments. The results showed that
the samples treated with pistachio hull extract-
based coating had higher TPC compared to non-
coated samples. Increasing TPC for coated sample
with pistachio hull extract can be explained by the
extract contribution since pistachio hull is known
as high content of natural antioxidants. However,
the effect of PWE was not significant (p=0.05)
with a confidence interval of 95%. In regards of
storage temperature effect, analysis indicates
that storage temperature did not have a
significant effect on NCS and CSX, however
samples kept at lower temperature could
maintain higher TPC values (LS means=157.64)
compared to samples stored at 20 °C (LS
means=125.58).
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Table 3. Effect of coating with pistachio hull extract on the total phenolic content (TPC) (mg GAE 100 g"1 apple) of samples

during storage at 5 °C and 20 °C.

Cizelge 3. Antepfistigi kabudgu ekstrakti ile kaplamanin 5 °C ve 20 °C’deki depolama boyunca érneklerin toplam fenolik

icerigine (TPC) (mg GAE 100 g™ elma) etkisi.

Sample ° o
Srnek 5°C 20°C
Time (days) Time (h)
Zaman (giin) Zaman (saat)
0 8 0 32
Noncoated sample 120.56+0.87 187.86+0.95 120.56+0.89 128.89+0.80
Kaplanmamis 6rnek
Sample coated with extract 122.36+0.72 199.80+0.99 122.3610.76 130.53+0.86

Ekstrakt ile kaplanmis 6rnek

The findings are aligned with the results
reported by Simdes et al. (2009) who studied
modified atmosphere packaging (MAP) and edible
coating on carrot sticks. Their results showed that
some phenolic components identified at day 0
were lost by the end of evaluated storage period.
Whereas, new undetected phenolics were formed
in respect of coated carrot sticks. Tudela et al.
(2002) reported similar findings explored with
testing fresh-cut potato. Synthesized phenolics
might explained by wounding the product and
cooling storage temperature by the means of
mechanism of abiotic stress (Cisneros-Zevallos,
2003). Santagata (2018) used the edible coatings
based on pectin and honey on dehydrated cut
fruits to promote fruit conservation. According to
their results the coated and non-coated fruits
reported losing in total phenolic contents,
however values of coated samples were shifted at
higher concentration interval. This result was
attributed to the fruit dehydration, followed by
the increasing in substances contents such as;
solutes and bioactive and also usage of honey-
based coating that contribute into supporting
phenolic contents of treated dried fruits. It's
known that the honey has very high polyphenols

content naturally (Al-Mamary et al., 2002).

Conclusion

The results of this study give some insight into
pectin-wax coating and its incorporation with
pistachio hull extract for the edible coating of
fresh-cut apples. The findings showed that edible
coating has a significant role to maintain product

321

color and reduce the browning of fresh-cut
apples. Furthermore, coating process can extend
the shelf-life of apple pieces.

Investing in innovative food packaging techniques
such as edible coatings is extremely important to
maintain the food value chains and increase the
food production to its maximum thus, contributes
into protecting environment and reduce the

massive plastic packages are used in food

industry. Adoption of suitable packaging

technologies by the food industry can be useful to
extend the shelf life, improve quality, safety, and
provide information about the product. The
findings of this research can open the door for
further studies on incorporating pistachio hull
extract as a natural additive into edible coating
materials and the opportunities to scale up the
production of this innovative coating materials for
industrial purposes.
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