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Abstract: The current study evaluated the effects of modified atmosphere packaging (MAP) and Putrescine
applications on fruit quality during postharvest storage and shelf life of ‘Rosy Glow’ apple cultivar. Quality
parameters, i.e.,, weight loss, decay rate, total soluble solids content (SSC), titratable acidity (TA), fruit flesh
firmness and color changes were investigated during different storage periods. Low levels of weight loss were
observed in all applications during the 30t day while losses increased in control treatment after the 60t day
(3.58%) and the lowest loss rate (1.27%) was recorded in the MAP + Putrescine application. The MAP + Putrescine
group showed the lowest loss rate (2.28%) on the 120t day making it the most effective preservation technique.
The decay rate increased during the storage period while MAP and Putrescine applications prevented decay and
MAP+Putrescine combination kept the decay rate at the lowest level. The MAP+Putrescine application completely
prevented the decay rate on the 120t day. The SSC ratio decreased during the storage period, MAP and Putrescine
applications maintained the fruit carbohydrate content better whereas Putrescine application showed the highest
SSC value. The TA values generally decreased during the storage, but MAP and Putrescine applications minimized
TA loss. The MAP and Putrescine applications better maintained TA during shelf life. The MAP and Putrescine
applications better maintained fruit flesh firmness, MAP application provided the highest firmness value on the
120t day. Firmness loss was more pronounced ‘n the control group. In all applications, the changes were observed
in L* a* b* and hue values over time. L* value remained lower in control on the 120t day, but MAP and
MAP+Putrescine applications maintained the brightness level of the fruit peel. MAP treatment initially affected the
hue angle more. As a result, MAP and Putrescine applications effectively maintained fruit quality in ‘Rosy Glow’
apple cultivar during storage while MAP+Putrescine combination stood out as the most effective preservation
technique.

Keywords: Decay rate, fruit flesh firmness, titratable acidity, total soluble solids, weight loss.

Modifiye atmosfer paketleme ve putresin uygulamalarinin ‘Rosy Glow’ elma c¢esidinin hasat
sonrasi depolama ve raf 6émrii lizerine etkileri

0z: ‘Rosy Glow’ elma cesidinde hasat sonrasi depolama ve raf dmrii siiresince Modifiye Atmosfer Paketleme (MAP)
ve Putresin uygulamalarinin meyve Kkalitesi iizerine etkileri degerlendirilmis ve farkli depolama donemlerinde
agirlik kaybi, ¢liriime orani, toplam ¢6ziiniir kuru madde igerigi (SSC), titre edilebilir asitlik (TA), meyve eti sertligi
ve renk degisimleri gibi kalite parametreleri incelenmistir. Tiim uygulamalarda 30 giin boyunca diisiik seviyelerde
agirlik kaybi gozlenirken, 60. giinden sonra kontrol grubunda kayiplar artmis (%3,58) ve en diisiik kayip orani
(%1,27) MAP+Putresin uygulamasinda kaydedilmistir. 120. giinde, MAP+Putresin grubu en diisiik kayip oranini
(%2,28) gostererek en etkili muhafaza teknigi olmustur. Depolama siiresince ¢iliriime orani artarken, MAP ve
Putresin uygulamalari ¢iirimeyi 6nlemis ve MAP+Putresin kombinasyonu ¢iirlime oranini en diisiik seviyede
tutmustur. 120. giinde MAP+Putresin uygulamasi ¢iirlime oranini tamamen engellemistir. SSC orani depolama
sliresince azalmis, MAP ve Putresin uygulamalari meyve karbonhidrat icerigini daha iyi korumus ve 6zellikle
Putresin uygulamasi en yiiksek SSC degerini vermistir. TA degerleri depolama siiresince genel olarak azalmus,
ancak MAP ve Putresin uygulamalar1 TA kaybin1 en aza indirmistir Raf 6mrii boyunca MAP ve Putresin
uygulamalari1 TA degerini daha iyi korumustur. MAP ve Putresin uygulamalari meyve eti sertligini daha iyi korumus,
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MAP uygulamas1 120. giinde en yiiksek sertlik degerini saglamistir. Kontrol grubunda meyve eti sertligindeki kayip
daha belirgin olmustur. Tim uygulamalarda L* a* b* ve hue acisi degerlerinde zaman icinde degisimler
gozlenmistir. L* degeri 120. glinde kontrol grubunda diger uygulamalara kiyasla daha diisiik kalmistir, ancak MAP
ve MAP+Putresin uygulamalar1 meyve kabugunun parlaklik seviyesini daha iyi korumustur. MAP uygulamasi
baslangi¢ta hue acisini daha fazla etkilemis, ancak zamanla diger uygulamalarla benzer sonuglar elde edilmistir.
Sonug olarak, MAP ve Putresin uygulamalari ‘Rosy Glow’ elma cesidinde depolama sirasinda meyve kalitesini etkili
bir sekilde korurken, MAP+Putresin kombinasyonu en etkili muhafaza teknigi olarak dne ¢ikmistir.

Anahtar kelimeler: Agirlik kayb, ¢iirtime orani, meyve eti sertligi, titre edilebilir asitlik, toplam ¢6ziinebilir kuru

madde.

1. Introduction

Apple (Malus domestica Borkh.) is a fruit species widely
produced in the world by adapting to different climatic
conditions. Tirkiye has an important share in global
apple production (Coskun & Askin, 2016; Gunay et al,,
2021). The apple production has increased in Tiirkiye
over the years. Similarly, preservation of fruit quality
has gained great importance ove these years in the
country. Sensitive fruits such as apples can suffer from
various deteriorations and quality losses during post-
harvest processes. Hence, preventing these losses
directly contributes to the trade of the product (El
Ghaouth et al,, 2004; Sharma et al,, 2009; Wani et al,,
2022). The quality losses of apples are generally
associated with high respiration rate,
spoilage
microorganisms. In this context, effective preservation

ethylene

production, water loss and due to

methods must be applied to preserve fruit quality.

The use of biological compounds such as MAP and
putrescine has become remarkably widespread in
recent years for fruit preservation. These compounds
slow down the respiration rates of fruits by controlling
their environmental conditions and changing the
oxygen and carbon dioxide levels of the fruits. These
methods have been successful in improving fruit
quality and extending shelf life. The MAP protects fruit
health and prevents quality losses. Moreover, MAP
application exhibits effective results in fruits such as
apples. This technology slows down fruit respiration,
reduces ethylene production and controls fruit ripening
(Ben Yehoshua, 1999; Sisler & Serek, 2003; Kader &
Rolle, 2004; Rojas Grau & Martin-Belloso, 2007; Chien
& Chien, 2013). Studies have shown that MAP
significantly reduces quality losses by extending the
shelf life of fruits. For example, Turk and Karaca (2015)
reported that MAP applications ensured that apple
fruits remained fresh for a longer time by maintaining
their color and firmness. In addition, reducing ethylene
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level with MAP slows down fruit ripening (Ustunel et
al,, 2008; Kaushal et al.,, 2020).

Putrescine is an organic compound and a polyamine
that plays a significant role in cellular growth,
differentiation and aging processes (Erbas et al., 2018).
Various studies show that putrescine application
increased fruit quality and prevented physiological
deterioration during storage. For example, Malik and
Singh (2003) reported that putrescine application
delay ripening by reducing ethylene production in
Dibble et al. (1988)
emphasized that putrescine applications prevented

apple fruits. In addition,
quality losses by slowing down the fruit respiration
rate. The ‘Rosy Glow’ apple attracts attention with its
bright pink skin and sweet, crisp texture, and can retain
its value for longer time with the right preservation
techniques. In this study, the effects of post-harvest
applied putrescine (1 mM) and MAP technologies on
fruit quality during post-harvest storage and shelf life
in ‘Rosy Glow’ apple cultivar were investigated.

2. Materials and Methods
2.1. Plant material

The plant materials used in the study included “Rosy
Glow” apple cultivar grafted onto the MM106’
rootstock planted in a producer’s orchard in Yunuslar
town of Kurtalan district of Siirt province. The orchard
is located at an altitude of 595 m and between the 370
55’27’ N parallel and 410 21’ 17’ E meridians. The trees
were planted at 4x4 m distance, and a wire training
system was established according to the central leader
training system. Irrigation is carried out with a drip
irrigation system, and other cultural practices such as
pruning, fertilizing, and spraying are carried out
regularly in the orchard.

2.2. Methods

Fruits harvested at commercial maturity were quickly
transported to the Siirt University laboratory. Damaged
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fruits during transportation were sorted and excluded
from the evaluation. Fruits selected according to color
and size criteria were divided into 4 different groups
and treatment applications were initiated. The fruits in
the first group were regarded as control, immersed
only in pure water and left to dry at room temperature.
The dried fruits were placed in plastic bowls and stored
in cold storage after weighing. The fruits in the second
group were subjected to a pre-cooling process at 1°C
for 24 hours to reduce the fruit temperature to 3-4°C.
After cooling, the fruits were placed in 5 kg capacity
Xtend® MAP packages closed with plastic clips. The
packaged fruits were quickly transported to the cold
storage. The fruits in the third group were immersed in
1 mM putrescine solution for 10 minutes and then dried
on blotting paper for 20 minutes. The fruits in the
fourth group were immersed in 1 mM putrescine
solution for 10 minutes, dried on blotting paper for 20
minutes, and stored in MAP packages. Control and
treated fruits were stored in cold storage at 1°C and
90+5% humidity for ~120 days. Measurements and
analyses of fruit quality traits were carried out in Siirt
University and Igdir University laboratories. Apple
samples were subjected to physical and chemical
analyses at the beginning of storage and on 30t, 60,
90th and 120t days. Each application was arranged in 3
replications and 30 fruits were used in replication. A
total of 5 fruits were taken from each replication in each
tretatment to determine the shelf life of fruits during
each analysis period and kept at 20+1°C for 5 days.
Measurements and analyses were made at the end of 5
days.

2.3. Weight loss (%)

Initial weights (Wi) of the fruit were determined by a
digital scale with a precision of 0.01 g (Radwag, Poland)
at the beginning of the cold storage. Afterwards, final
weights (Wf) were determined on 30, 60th, 90t and
120th days of the storage. The weight loss was based on
the weight at the beginning of each measurement
period and determined as a percentage (%) through the
equation given below (Eq.1).

Wi—Wf

Wi

WL = X 100

(1)
2.4. Decay rate (%)

Ten (10) fruits were used in each replication and the
total number of fruit (TF) was determined before cold
storage. The decayed fruits (DF) in each replication
were determined during each observation period. The
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fruits were considered rotten if the development of
mycelium was recorded on shell. The Eq .2 was used to
compute the decay rate (DR, %).

TF—-DF

DR = % 100

(2)

2.5. Soluble solids content and titratable acidity (%)

The amount of water-soluble solids (SSC) was
determined as % by refractometer and the amount of
acidity was determined as malic acid by titration
method as % in 10 ml of juice extracted from hawthorn
fruit.

2.6. Fruit flesh firmness

The fruit firmness was measured by touching the
opposite cheeks of the equatorial part of five fruits with
100 field,
Agrotechnologie, France) with the 10-point tip of the

a digital penetrometer (Agrosta

device perpendicularly (Blankenship at al., 1997).
2.7. Fruit color

L* a* b* and hue angle values in fruit peels were
Minolta, CR-400
measurement device. The color measurement device

determined using a color
was calibrated with a white standard plate (Y = 92.40 x
= 0.3137 y = 0.3195). Fruit peel and flesh color were
determined in 6 fruits from each treatment. Flesh color
was measured bidirectionally from the center of the
fruit, and flesh color was measured from two lateral
parts of the longitudinal section (Sacks & Shaw, 1994;

Gunduz & Ozdemir, 2003).
2.8. Statistical analyses

The randomized plot experimental design was
established with three replications and 30 fruits in each
replication to determine the change that occurred at
each observation period. Data were analyzed with
of the

differences between the application means was

variance analysis, the significance level

determined with Duncan multiple research test.
3. Results and Discussion
3.1. Weight loss (%)

The weight loss rates were low in all applications
during the first 30 days with non-significant differences
among treatments. However, the differences between
treatments increased after the 60t day. The highest
weight loss was recorded for control (3.58%), whereas
MAP+Putrescine resulted in the lowest (0.69%) weight
loss. Likewsie, MAP+Putrescine resulted in the the
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lowest weight loss (1.27%) on the 90t day, while the
loss in control was 3.27%. On the 120% day,
MAP+Putrescine treatment resulted in the lowest loss
(2.28%), while the loss in control increased to 3.56%.

shelf life,
treatments were significant for different storage

During the differences between the
periods. On the 30+5t% day, the highest loss was
observed in control (11.15%), while lower losses were
observed in the MAP application (8.75%) and the

Putrescine application (5.99%). The lowest loss was

observed in the MAP+Putrescine application (4.69%).
Onthe 60+5t day, 17.60% loss was observed in control,
in the MAP and
Putrescine applications while the lowest loss (3.26%)

similar losses were observed

was recorded in the MAP+Putrescine application. On
the 90+5t day, MAP (7.55%) and MAP+Putrescine
(4.27%) applications provided lower losses than the
control group. MAP+Putrescine application gave the
lowest loss with 2.39% on the 120+5t% day whereas the
loss in control was the highest with 17.14% (Table 1).

Table 1. The effect of putrescine and MAP applications on weight loss of ‘Rosy Glow’ apple cultivar.

Weight loss (%)

Storage time (day)

Applications 30 50 % 120

Control 0.99a 3.58a 3.27a 3.56a
MAP 0.65a 1.70c 1.99b 2.29b
Putrescine 0.81a 2.03b 2.15ba 2.67b
MAP+Putrescine 0.57a 0.69d 1.27b 2.28b

Shelf life (day)

Applications 30+5 60+5 90+5 12045
Control 11.15a 17.60a 17.36a 17.14a
MAP 8.75ba 7.84b 7.55b 7.34c
Putrescine 5.99b 8.01b 2.79b 12.61b
MAP+Putrescine 4.69b 3.26b 4.27b 2.39d

*Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.

Weight loss occurs because of evaporation of water in
the fruit through transpiration and increases in
proportion to the storage period (Kader & Yahia, 2011;
Candir et al.,, 2018; Kucuker et al., 2024). These losses
cause significant economic problems for fruit
producers (Sandhya, 2010). It is stated that weight loss
occurs due to metabolic activities such as transpiration
and respiration (Lownds et al., 1993). Applications of
polyamines, especially MAP and putrescine, prevent
weight loss by slowing down fruit respiration and
delaying the degradation of cell walls (Champa et al,,
2014; Fawole et al, 2020). MAP, Putrescine and
MAP+Putrescine provided lower respiration rate and
parallelly less weight loss. Archana and Suresh (2019)
reported that putrescine and spermidine applications
were effective in reducing weight loss. In addition, Avci
(2016) and Ogurlu et al. (2024a) indicated that MAP
application reduces weight loss by decreasing
respiration rate. These findings show that MAP and
putrescine are effective in preserving fruit quality,

playing an important role in fruit preservation.
3.2. Decay rate (%)

Decay occurs in fruits during the post-harvest storage
period, depending on the species and cultivar (Zafari et
al, 2015). The decay rates increased as the storage
period progressed. The decay rate of 1.33% in control

group on the 30t day increased to 2.86% on the 120t
day. MAP application resulted in a low decay rate
(0.71%) on 30t day, which increased to 1.71% on the
120t day. Putrescine application showed a low decay
rate (0.46%) on the 30t day, which increased to 1.52%
on the 120t day. Similarly, MAP+Putrescine resulted in
1.55% decay rate on the 120t day. Observations during
shelf life showed that no decay occurred in all
applications on 30+5t% day, while on the 60+5% day,
0.77% decay was observed in the control group, and no
decay occurred in the other groups. On the 90+5t day,
the decay rate increased to 1.71% in control, while
0.10% decay was observed in MAP+Putrescine
application and 0.58% in MAP. On the 120+5t day,
1.77% decay rate was observed in control, 1.16% in
MAP application, and no decay was observed in
Putrescine and MAP+Putrescine applications. These
results show that Putrescine and MAP+Putrescine
applications completely prevented decay, while MAP
application controlled decay (Table 2).

Polyamines such as putrescine and spermidine, which
have anti-pathogenic properties, play a significant role
in plant defense mechanisms (Hanif et al, 2020;
Kucuker et al., 2023a). Champa et al. (2014) reported
that polyamines are conjugated to phenolic compounds
and hydroxycinnamic acid amides and that there is a
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good correlation between the accumulation of
hydroxycinnamic acid amides and pathogen resistance.
In our study, the decay rate in fruits increased in
parallel with the storage period but was lower in
treated fruits. Indeed, MAP have been reported to
reduce the respiration rate by changing the gas
atmosphere in the environment, thus slowing down the
2024b).
applications reduced rotting and cold-induced damage
in peach (Zokaee Khosroshahi et al., 2008; Kibar et al,,
2021), pomegranate (Barman et al, 2011), apricot
(Martinez-Romero, 2006), papaya (Hanif et al., 2020),
strawberry (Khosroshahi et al, 2007), mandarin
(Ennab et al.,, 2020) and mango (Jawandha et al., 2012)
fruits, and maintained fruit quality during cold storage.

decay rate (Ogurlu et al, Polyamine

3.3. Soluble solids content and titratable acidity

The amount of SSC and TA have a significant effect on
the storage period of the fruit. The amount of SSC
increases while the titratable acidity decreases as the
ripening progresses in the fruit, (Mahto & Das, 2013;
Abd El-Gawad et al., 2019; Kucuker et al., 2023b).

The SSC content was at similar levels during harvest in
all applications in the current study (i.e, control =

16.2%, MAP = 15.61%, Putrescine = 14.96% and
MAP+Putrescine = 16.41%). No significant difference
was observed between the treatmentns on 30*and 60t
days of storage. On the 90t day, the highest SSC was
observed in control (18.96%) while lower values were
observed in the Putrescine and MAP applications.
Similarly, the lowest SSC value was found in control
(14.40%) on 120% day, while MAP (16.41%) and
MAP+Putrescine (16.40%) applications showed higher
values. These results show that MAP and Putrescine
better maintained carbohydrate content of the fruits.
Observations made during the shelf life also yielded
similar results. On the 30+5t day, higher SSC values
were recorded with MAP and Putrescine, while a
significant decrease was observed in these applications
on the 60+5t™ day. On the 90+5t day, SSC values were
close to each other in MAP and Putrescine applications,
but this value decreased significantly in control. On the
120+5t% day, the highest SSC value (10.65%) was
obtained with Putrescine application. The lowest value
was recorded in the control group with 7.80%. This
reveals that Putrescine application best preserves the
carbohydrate content of the fruits (Table 3).

Table 2. The effect of putrescine and MAP applications on decay rate of ‘Rosy Glow’ apple cultivar.

Decay rate (%)

Storage time (day)

Applications

30 60 90 120
Control 1.33a 2.55a 2.77a 2.86a
MAP 0.71a 1.21b 1.26b 1.71b
Putrescine 0.46a 0.55b 1.11b 1.52b
MAP+Putrescine 0.58a 1.07b 1.28b 1.55b
Shelf life (day)
Applications 3045 60+5 90+5 120+5
Control 0.00a 0.77a 1.71a 1.77a
MAP 0.00a 0.00b 0.58b 1.16b
Putrescine 0.00a 0.00b 0.00c 0.00c
MAP+Putrescine 0.00a 0.00b 0.10c 0.12¢
*Means in columns with the same lower case do not differ according to Duncan's test at P<0.05.
Table 3. The effect of putrescine and MAP applications on total soluble solids of ‘Rosy Glow’ apple cultivar.
Soluble solids content (%)
Applications Storage time (day)
Harvest 30 60 90 120
Control 16.38a 16.96a 18.96a 14.40b
MAP 16.2 15.61a 16.45a 17.34b 16.41a
Putrescine ’ 14.96a 15.67a 15.77¢ 16.37a
MAP+Putrescine 16.41a 15.73a 15.80c 1640a
Shelf life (day)
Applications 30+5 60+5 90+5 12045
Control 10.33a 14.36b 8.50b 7.80b
MAP 162 17.57a 17.99a 10.76a 10.37a
Putrescine ’ 15.60a 18.93a 10.57a 10.65a
MAP+Putrescine 14.73a 16.93ba 10.87a 10.60a

*Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.
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The TA content was at different levels in all applications
at the time of harvest (i.e., control = 1.45%, MAP =
0.85%, Putrescine 0.83%, and MAP+Putrescine
0.86%). On the 30t day, a decrease in TA values was
observed in all applications but decreased faster

(0.77%) in the control group. A similar trend continued
on 60t day, with control showing the lowest value at
0.70%, while the other applications had higher TA
contents. On the 90t day, the highest TA value of 0.80%
was recorded in MAP, while control showed the lowest
value of 0.66%. On the 120t day, MAP and
MAP+Putrescine applications had the highest TA
values, while the lowest TA value (0.64%) was recorded
for control group.

A similar trend was observed throughout the shelf life.
On the 30+5t% day, TA values were 0.92%, 0.86% and
0.84%
applications, respectively while the lowest value was
recorded in control at 0.66%. On the 60+5™ day, higher
TA values were observed in MAP (0.80%) and
Putrescine (0.65%) applications. On the 90+5t day, TA
values remained higher with small differences between
MAP and Putrescine applications. On the 120+5t% day,
MAP and Putrescine applications had the highest TA
values, but control showed the lowest value (0.38%).

in MAP, Putrescine and MAP+Putrescine

This reveals that MAP and Putrescine applications
preserved TA better (Table 4).

Table 4. The effect of putrescine and MAP applications on titratable acidity of ‘Rosy Glow’ apple cultivar.

Titratable acidity (%)

Storage time (day)

Applications

Harvest 30 60 90 120
Control 0.77b 0.70b 0.66¢ 0.64b
MAP 145 0.85a 0.84a 0.80a 0.78a
Putrescine ’ 0.83a 0.82a 0.72b 0.74a
MAP+Putrescine 0.86a 0.85a 0.73b 0.75a
Shelf life (day)
Applications 3045 60+5 90+5 120+5
Control 0.66b 0.65b 0.49b 0.38c
MAP 145 0.93a 0.92a 0.80a 0.75a
Putrescine ’ 0.87a 0.86a 0.65a 0.70a
MAP+Putrescine 0.88a 0.84a 0.76a 0.65b
*Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.
Indeed, it has been reported that different polyamine processes in fruits, and it decreases with the

applications delay ripening and therefore slow down
postharvest SSC and TA changes (Serrano et al,, 2003;
Jongsri et al,, 2017). Our findings are consistent with
findings indicating that post-harvest putrescine
applications slow down the changes in sap and stone
content in plum (Serrano et al., 2003), peach (Abbasi et
al, 2019; Kaur & Kaur, 2019; Kibar et al., 2021) and
papaya (Hanif et al,, 2020) fruits. Similarly, Khan et al.
(2013) reported that post-harvest MAP applications
preserved the SSC content in plum fruits. Ozturk and
Aglar (2019) suggested that MAP-applied fruits in
cornelian cherry had higher TA content.

3.4. Fruit flesh firmness

Fruit flesh firmness is one of the important quality
parameters in apples (Song et al,, 2013). As the fruit
ripens, the fruit flesh firmness decreases because of the
breakdown of cell wall components such as pectin
substances, hemicellulose and cellulose and the
decrease in turgor pressure within the cell (Mannozzi
et al, 2018; Kucuker et al., 2023a). Fruit flesh firmness

has an important effect on marketing and post-harvest
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progression of ripening. It is known that softening in
fruits occurs because of weight loss and cell wall
breakdown by enzymes such as polygalacturonase and
pectinesterase (Martinez-Ferrer et al., 2002), and the
main reason for weight loss and fruit flesh softening is
transpiration due to the water pressure gradient
between the fruit tissues and the surrounding
atmosphere (Ozturk, 2012). Similar fruit flesh firmness
was observed with all applications at harvest in the
current study (i.e.,, control = 8.63%, MAP = 8.56%,
8.41%, and MAP+Putrescine = 8.60%).
Softening was observed in fruits with all applications
on the 30t day, but the highest firmness (8.60 kg) was
determined in the MAP+Putrescine applications. On the

Putrescine

60t day, fruit firmness decreased in all applications and
the lowest value (8.10 kg) was recorded with control.
On the 90t day, 7.75 kg fruit flesh firmness values were
measured in MAP application, 8.11 kg in Putrescine
application and 8.13 kg in MAP+Putrescine application.
It was determined that the firmness was lower in
control fruits (7.96 kg). On the 120t day, the lowest
firmness value was measured in control with 7.56 kg,
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while higher fruit firmness was noted in other
applications. Regarding shelf life, MAP application
maintained the highest hardness value (8.48 kg) on
30+5t day, while the firmness decreased more rapidly
in the control group (6.91 kg). Similarly MAP
application resulted in the highest firmness value (8.34
kg) on all observation periods. This shows that MAP
application maintained fruit firmness compared to the
other treatments (Table 5).

MAP is an effective method for reducing weight loss and
fruit softening during cold storage of various fruits and
vegetables (Cantin et al., 2008; Guillen et al., 2013; Khan
etal,, 2013). Polyamines delay ripening by changing the
stability of the cell wall in the fruit, and contribute to
the protection of fruit flesh (Kucuker et al., 2023a).
Putrescine application preserved fruit flesh firmness in
fruit species such as plum (Serrano et al,, 2003; Khan et
al., 2008) and peach (Kaur et al, 2019; Kibar et al,,
2021).

Table 5. The effect of putrescine and MAP applications on fruit flesh firmness of ‘Rosy Glow’ apple cultivar.

Fruit flesh firmness (kg)

Storage time (day)

Applications

Harvest 30 60 90 120
Control 8.16b 8.10b 7.96b 7.56b
MAP 8.63 8.56a 8.37a 8.04a 7.75ab
Putrescine ' 8.41a 8.35a 8.20a 8.11a
MAP+Putrescine 8.60a 8.59a 8.25a 813a
Shelf life (day)
Applications 3045 60+5 90+5 120+5
Control 6.91b 5.54b 4.47b 4.53b
MAP 8.63 8.56a 8.48a 8.34a 7.56a
Putrescine ) 8.40a 8.10a 7.65a 7.51a
MAP+Putrescine 8.57a 7.96a 7.34a 7.28a

* Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.

3.5. Fruit color

Fruit color is an observable maturity criterion in many
fruit species and is an important quality trait that
affects consumer preferences. The color changes occur
in the fruit with post-harvest ripening and it is very
important to reduce these changes. Similar L* values
were observed in all applications at the time of harvest.
The L* values increased in all applications on 30t day
wsth the highest values recorded for MAP and
Putrescine. Control and MAP+Putrescine had the
highest L* values on 60t day, while the highest L* value
was noted for control on 120t day. The a* value was at
similar levels in all applications at harvest, and changes
were observed in different applications on the 30t day.
On the 120t day, MAP+Putrescine application showed
low a* value. The b* value increased in all groups from
day 30 days to onwards and the significant increase was
observed for MAP. Although there were differences
among treatments for hue, similar changes occurred in
all treatments over time. Shelf life data indicated that
the L* value of control was lower. MAP, Putrescine and
MAP+Putrescine applications preserved the light level
of the fruit peel better. In a* value, control had lower
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values on the 90+5™ and 120+5% days while the
MAP+Putrescine application showed the highest a*
value. In the b* value, the Putrescine application
showed the highest value on 30+5t™ day. In terms of hue,
the MAP application initially showed higher values, but
over time the differences between all applications
decreased. These findings show that the MAP
application affected the color tone more in the initial
stages, but the other applications provided similar
effects over time (Table 6). Similarly, Ozturk et al.
(2021) reported that physiological and biochemical
changes in MAP-applied medlar fruits were less during
storage and fruit color was preserved. Cantin et al.
(2008) suggested that color changes were lower with
MAP application in Japanese plums. Martinez-Romero
(2006) reported that putrescine reduced color changes
in fruits in a study in which they treated apricot fruits
harvested at commercial maturity with 1 mM
putrescine and stored at 10 °C for 6 days, while Valero
et al. (1998) found that lemon fruits treated with
putrescine preserved their color index during storage.
Gain, Martinez-Romero et al. (2002) stated that color
change was lower in apricot fruits treated with
putrescine.
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Table 6. The effect of putrescine and MAP applications on fruit color of ‘Rosy Glow’ apple cultivar.

Fruit color
- Storage Time (day)

Applications Harvest 30 60 90 120

Control 58.40a 59.27a 54.67a 63.08a
MAP L 55.61 50.31a 61.50a 56.45a 55.65a
Putrescine ' 54.78a 53.24a 61.75a 59.84a
MAP+Putrescine 54.08a 61.86a 57.50a 60.94a
Control 22.52a 22.01a 27.44a 23.01a
MAP a 18.22 26.04a 16.63a 33.29a 22.98a
Putrescine ' 32.38a 30.59a 19.76a 22.41a
MAP+Putrescine 26.97a 21.05a 26.87a 21.39a
Control 34.37a 35.00a 34.40a 36.96a
MAP b 31.55 31.93a 42.05a 41.66a 43.22a
Putrescine ' 31.71a 33.84a 42.14a 42.90a
MAP+Putrescine 26.97a 37.83a 36.02a 40.56a
Control 56.67a 55.77a 57.33a 56.60a
MAP hue angle 58.14 52.06a 67.77a 59.15a 61.20a
Putrescine ' 65.09a 48.13a 65.02a 62.11a
MAP+Putrescine 48.70a 61.00a 55.21a 63.06a

Shelf life (day)

Applications 3045 60+5 90+5 120+5
Control 79.34a 55.94b 46.37b 52.66b
MAP L* 55.61 83.61a 80.10a 80.85a 78.88a
Putrescine ' 82.70a 80.82a 80.93a 67.85a
MAP+Putrescine 80.14a 78.23a 80.66a 80.09a
Control 4.05a 3.65a 2.81b 3.59b
MAP a 18.22 4.28a 391a 5.68a 5.65ba
Putrescine ' 4.20a 4.77a 4.69ba 5.37ba
MAP+Putrescine 4.33a 5.99a 6.35a 7.24a
Control 31.77c 37.81a 26.60a 25.73a
MAP b 31.55 34.83b 39.51a 39.85a 35.53a
Putrescine ' 37.63a 37.92a 39.07a 42.28a
MAP+Putrescine 31.52c 27.41a 42.65a 37.32a
Control 82.42b 81.20a 50.90a 48.79a
MAP hue angle 58.14 87.84a 85.06a 81.04a 78.13a
Putrescine ' 81.15b 82.94a 81.70a 69.21a
MAP+Putrescine 81.87b 84.60a 81.64a 81.40a

*Means in columns with the same lower case do not differ according to Duncan' s test at P<0.05.

4. Conclusion

Different treatments applied to ‘Rosy Glow’ apples had
significant effects on weight loss rates. MAP+Putrescine
combination provided the lowest weight loss and
preserved apple quality for a longer period. This
combination gave particularly superior results after the
60t day and lower losses. MAP+Putrescine application
is an effective solution for preserving apple quality
during storage. Shelf life data indicated that the same
combination prevent decay and maintained the fruit
quality, providing the lowest losses compared to other
applications. The preservation of fruit quality was not
limited to weight loss only, but also had visible effects
on decay rates, soluble solids content, titretable acidity,
flesh firmness and color changes. MAP and Putrescine
applications preserved fruit firmness and kept acidity
The MAP+Putresin
combination resulted in the lowest decay rates and

in the fruit under control.

highest firmness values. In addition, these applications
minimized fruit color changes and preserved their
aesthetic quality for alonger time. As a result, MAP and
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Putrescine applications stand out as methods that
effectively preserve fruit quality. Especially the
MAP+Putrescine combination provides the most
efficient results in apple storage.
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