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Abstract:

This research was conducted to investigate effect of thermal treatments and storage
conditions in the quality of date palm fruits. The results showed that the —5°C treatment reduced
the rate of ripening , as gradual and limited increases in ripening percentage were observed
during storage at both 4°C and 25°C, compared with the 60°C treatment, which caused a
pronounced acceleration in ripening, particularly under room temperature storage, where the
ripening percentage reached its highest levels.

A results also revealed a gradual decrease in fruit weight lose with increasing storage duration
across all treatments. However, the lowest weight loss was recorded in fruits treated at —5 °C and
stored at 4°C, whereas fruits treated at 60°C stored at 25°C exhibited the highest weight loss.

Total soluble solids (TSS) and total sugars increased progressively with storage duration in all
treatments, with the greatest increases observed in fruits treated at 60°C stored at 25°C. In
contrast, total phenolic compounds and tannin content decreased significantly and progressively
during storage time. The treatment at -5°C and stored at 4°C recorded the lowest decrease, while
the treatment at 60°C with storage at room temperature recorded the highest decrease.

The treatment at -5°C with refrigerated storage resulted in significantly improved taste, texture,
color, and overall acceptability, along with a decrease in astringency. In contrast, the heat
treatment at 60°C with storage at 25°C led to a deterioration in sensory qualities and a decrease
in overall acceptability. These results indicate that the cold treatment at -5°C with refrigerated
storage is the optimal method for preserving fruit quality and extending life.
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Introduction:
commercial value [26, 18, 6]. Date palm

The date palm trees (Phoenix dactylifera L.) fruits can be divided into five major stages
is one of the most ancient fruit trees, and has of ripening: Hababouk, Kimri, Khalal,
been grown in desert oases for millennia. Its Rutab and Tamar. The fruits at Khalal,
fruit has a high nutritional value and is Rutab and Tamar are generally acceptable
considered a perfect food owing to their for eating [1].

high contents of carbohydrates, fibers,
lipids, antioxidants as well as its high
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The date palm tree propagation has
expanded recently because of the
importance of nutritional and financial
value of their product and the significance of
this tree in stabilizing the ecological balance
in dry and sub-dry areas [28]. Worldwide,
date palm occupies a total cultivated area of
about 12,9 million dunums with a
production of around 9.65 million ton
annually. Iraq is the fifth largest producer of
dates in the world [13].

A fruits of date palm at the Khalal stage are
subjected to many problems during storage
and marketing, mainly the short period of
this stage and the ripening of huge masses of
fruits simultaneously, which obligate the
farmers to hasten harvesting for obtaining
suitable returns. In addition, the shortening
of the Khalal stage with transition into the
Rutab stage with softening and higher sugar
content increases susceptibility to decay and
eventually market loss [5, 2, 14].

Fruits lose very mobs after harvesting and
specific treatments are required to enhance
the uniformity of moisture in the fruit and to
prolong shelf life during storage and
marketing [4]. To minimize the causes of
spoilage of date fruits, appropriate storage
methods have been elaborated to increase
the storage life as well as the marketing
efficiency. Several researches have been
carried out in the field of thermal treatment,
refrigerated  storage  and  controlled
atmosphere storage [23].

Materials and Methods:
1. Plant Materials.

The Date palm fruits , cultivar Barhi, were
harvested at the Khalal stage the end

Storage in cold (near 0°C) atmosphere with
good relative humidity management was
found to minimize moisture loss and retard
the progress to the Rutab stage and thus fruit
quality was maintained for longer duration
as compared with the higher temperature
storage [7]. [3] confirmed that modified
gaseous atmosphere  (elevated CO, ,
reduced O, ) packaging, at a storage
temperature of around 4°C, helps in
minimizing the discoloration and microbial
activities in the cultivars ‘Khalas’ and
‘Sukkari’ compared to the normal
atmospheric packaging-storage.

Another report showed that freezing at very
low temperature (—18°C or below) inhibited
microbial growth and reduced the enzymatic
reaction leading to fruit decay, which
allowed a longer preservation when
combined with refrigerated storage [10].

Despite the effectiveness of some of these
techniques in extending the Khalal stage,
many of them are costly and impractical for
local farmers. Since the Khalal stage plays
an role in extending the marketing period
improving economic returns, the
development of simple, effective, and low-
cost techniques represents a key research
priority. Therefore, this study aims to extend
the Khalal stage of date palm fruits cv. Barhi
through the application of thermal
treatments and the adoption of different
storage methods.

August from a private orchard located in
Abu Al-Khasib, southern Irag. Healthy,
disease-free fruits of uniform size and
weight were selected as much as possible.
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The fruits were randomly divided into two
main groups.

The first group was treated at —5 °C and
designated as (a), while the second group
was treated at 60 °C and designated as (b)
for 3 minutes. Each main group was further
subdivided into two subgroups, with each
subgroup consisting of three replicates. The
fruits were placed in perforated paper bags
and stored either at 4 °C (cold storage) or at
room temperature (25 °C) for a period of
two months. Physical and physiological
characteristics were evaluated at 15-d
intervals and included the following: time to
and from the rutab stage, percentage of
maturity, weight, and moisture content..
Biochemical characteristics were also
determined, including total soluble solids
(TSS), titratable acidity (TA), total sugars,
total phenolic content, and tannins, in
addition to sensory qualities: color, texture,

flavor, firmness, astringency, overall
accepted.
2.Maturity Percentage(%0o).

The maturity percentage of the fruits was
estimated by calculating the ratio of ripe to
unripe fruits.

3.Weight(g).

A sensitive digital balance was used to
determine weight loss. Fruit weight loss was
estimated by calculating the difference
between the initial weight before applying
the treatments and the final weight.

4.Relative humidity(%o)

Relative humidity was measured was
measured using a moisture analyzer
(SKZ111C-4, China).

5.TSS(%)
Total soluble solids were estimated using
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a hand refractometer model (CET]I, Belgium
) according the method of [27].

6.Titratable Acidity (%).
Titratable acidity was determined as a
percentage according to the method

described by[31]

7. Total Carbohydrates (mg g™).

The method described by him [34]was used
to estimate total carbohydrates.

8. Total Phenolic Content(mg kg™).

The total soluble phenolics were estimated
according to the method described by [22].
using a spectrophotometer. Absorbance
readings of the samples were taken at
wavelength 725nm and plotted against a
standard curve prepared using gallic acid.

9. Tannin (%0).
The tannin content was measured based on
the protocol described in [8]. The samples
were titrated using potassium permanganate
with indigo carmine as a color indicator. The
results were expressed as a percentage (%).

10.Sensory Evaluation

The sensory evaluation was estimated
according to the method described in [20])
by a trained panel consisting of 10 members.
Samples were evaluated using a scoring

scale ranging from 1-3 = poor, 3-5 =
acceptable, 5-7 = good, and 7-10 =
excellent, based on sensory attributes

including color, flavor, texture, firmness,
and astringency.

Experimenta IDesign and Statistical
Analysis
The experiment was designed using

complete randomized blocks (CRBD) and
the results were analyzed using Anatomical
Structure Variance Analysis, SPSS. The
averages were also analyzed and
significance was tested by the least
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significant difference (RLSD) test at the level of (0.05) [29].
storage and 52.67% at room temperature at
the end storage . This indicates that the cold
treatment reduced the rate of ripening

Results: development  regardless of  storage
temperature.

Ripening Percentage
In contrast, the heat treatment at 60°C (b)

The results in Figure 1 indicate that the cold showed a pronounced effect in accelerating
treatment at -5 °C (a) resulted in limited the ripening process, and this effect was
increases in ripening percentage with the more evident at higher storage temperatures.
progression of storage periods, whether The ripening percentage increased from
under refrigerated storage or room 40.33-40.50% in the control to 62.6% under
temperature  conditions. The  ripening refrigerated storage, while a sharp increase
percentage in the control treatment ranged was observed under room temperature
from  40.33-40.37%, and gradually storage, reaching 98.4% at the end storage

increased to reach 52.0% under refrigerated

Figure 1 Effect of thermal treatments and storage duration on the Ripening Percentage of date
palm fruits.
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a = thermal treatment at —5°C; b = thermal treatment at 60°C; 4 =. refrigerated storage
temperature; 25 = room storage temperature. Each column = results after 15 days, Column 1 =
control treatment. Means followed by the same letters are not significantly differen

Fruit Weight:

treatment at the beginning of storage to 5.26
Data in Figure 2 indicate showed that all g after two months of storage. Under storage
treatments exhibited a gradual decrease in at 25°C within the same treatment, the
fruit  weight with increasing storage reduction was relatively greater, with fruit
duration. Fruits stored at 4°C and treated at weight declining from 598 g at the
—5°C (a) recorded the lowest reduction in beginning of storage to 5.20 g at the end of
weight, where the average fruit weight the storage period. Notably, the rate of

decreased from 5.99 g in the control
ISSN 2072-3857

1888



Euphrates Journal of Agricultural Science-18 (1):1885-1898, (Mar.2026) Alarab et al.

weight loss in this treatment was relatively the storage period. The weight loss was
slow. more pronounced in fruits stored at 25°C,

where fruit weight declined to 3.92 g at the
In contrast, fruits treated at 60°C (b) showed end of storage compared with 5.98 g in the
a marked decrease in fruit weight. The control at the beginning of storage,
weight of fruits stored at 4°C decreased representing the highest rate of weight loss
from 5.98 g in the control treatment at the among all studi treatments.

beginning of storage to 5.18 g at the end of
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Figure 2 Effect of thermal treatments and storage duration on fruit weight of date palm

a = thermal treatment at —5°C; b = thermal treatment at 60°C; 4 =. refrigerated storage
temperature; 25 = room storage temperature. Each column = results after 15 days, Column 1 =
control treatment. Means followed by the same letters are not significantly differen

TSS:
The results presented in Figure 3 showed refrigerated storage (4°C) and 57.90% at
that the TSS content of date palm fruits room temperature (25°C) at the end storage

increased gradually with storage duration
across all treatments, with clear differences

depending on the thermal treatment and In contrast, treatment at 60°C (b) recorded
storage temperature. In the -5 °C treatment higher TSS values compared with treatment
(@), alowest TSS values were recorded, in (d) during the same storage periods. The
the control treatment reaching 55.63% under TSS values in the control treatment initially
refrigerated storage (4°C) and 55.66% under ranged between 55.63% and 55.67%, then
room temperature storage (25°C) atthe increased gradually with storage duration,
beginning during the storage period. These reaching 57.93% at 4°C and 58.40% at 25°C
values increased  progressively  with at the end storage.

continued storage, reaching 57.47% at
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Figure 3 Effect of thermal treatments and storage duration, on total soluble solids content date

palm fruits.

a = thermal treatment at —5°C; b = thermal treatment at 60°C; 4 =. refrigerated storage
temperature; 25 = room storage temperature. Each column = results after 15 days, Column 1 =
control treatment. Means followed by the same letters are not significantly differen

Total

Figure 4 showed gradual increases in total
carbohydrate content of the fruits during the
storage period. Fruits treated at —-5°C and
stored at 4°C exhibited a moderate increase
in carbohydrate content, rising from 50.51
mg g~ ! in the control treatment at the
beginning of storage to 52.94 mg g~ * at the
end the storage period. This indicates that
refrigerated storage maintained carbohydrate
levels within a gradual and balanced range
without sharp increases. By contrast, the
room temperature (25°C) fruits exhibited a

Carbohydrates:
from 50.51 mg g~ ! at the beginning of
storage to 54.63 mg g~ * after 2 months of
storage.

Similarly, fruits treated at 60 °C stored at
4°C showed a progressive increasein
carbohydrate content, rising from 50.53 mg
g~ ! at the beginning of storage to 54.60 mg
g~ ! at the end storage period. However,
fruits stored 25°C recorded the highest
total carbohydrate content, with values
increasing from 5052 mg g~ ' at the
beginning of storage to 55.86 mg g~ ! at the

more  pronounced total carbohydrate end of the storage period, representing the
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increase than those under refrigerated, rising
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highest value recorded among all treatment

Figure 4 Effect thermal treatments , storage period ontotal Carbohydrates in date palm

fruits
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= thermal treatment at —5°C; b = thermal treatment at 60°C; 4 =. refrigerated storage
temperature; 25 = room storage temperature. Each column = results after 15 days, Column 1 =
control treatment. Means followed by the same letters are not significantly differen.

Total Phenolic Compounds:

As shown in Figure 5 a gradual and In 60 °C treatment (b), fruits showed the
significant decrease in total phenolic same trend of gradual decline in total
compound content with increasing storage phenolic content; however, the values were
duration across all treatments. In the -5°C generally lower compared with treatment (a)
treatment (a), the highest phenolic content during the same storage periods, particularly
was recorded in the control treatment, in storage 25°C. The phenolic content
reaching 222.15 and 222.70 mg kg~ * under decreased from 222.03 mg kg~ * in the
storage at 4 °C and 25 °C, respectively. control treatment at 4 °C to 155.91 mgkg™ !
These values decreased progressively with at end storage. Similarly, under storage at
continued storage, reaching 169.84 mg kg~ ! 25 °C The concentration was reduced from
at 4 °C and 146.36 mg kg™ * at 25 °C at the 213.81 mg kg~ ! to 13452 mg kg™ %
end storage . representing the lowest level recorded

among all treatments.

58
56

H.o
| |
-

e
54 o B b
52 c I 2
5 3
4 I I I
46 S

a b

o

o
I

Total Carbohydrates(mg g-1)

Figure 5 Effect of thermal treatments and storage duration on total phenolic content of date
palm fruits

= thermal treatment at —5°C; b = thermal treatment at 60°C; 4 =. refrigerated storage
temperature; 25 = room storage temperature. Each column = results after 15 days, Column 1 =
control treatment. Means followed by the same letters are not significantly differen

Tannin Content
highest tannin content in the control

The results showed that tannin content in the treatment at 0.313%, which then declined to
fruits gradually decreased with increasing 0.293%-0.236% by the end of the storage
storage duration across all treatments. In the period. Under room temperature storage
—5°C treatment (a), fruits stored under (25°C), tannin content started at 0.310% in

refrigerated conditions (4°C) recorded the
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the control treatment and decreased to reach
0.220%-0.273% at the end of storage

In the 60°C treatment (b), fruits stored at 4
°C showed tannin content of 0.316% in the
control treatment, decreasing to 0.273%-
0.223% with continued storage. Fruits stored
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25°C exhibited the highest initial value in
control (0.320%), followed by lower values
reaching 0.276%, and ultimately the lowest
value of 0.163% at the end of the storage

period.
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Figure 6Effect of heat treatments, storage duration on the total tannin

a = thermal treatment at —5°C; b = thermal treatment at 60°C; 4 =. refrigerated storage
temperature; 25 = room storage temperature. Each column = results after 15 days, Column 1 =
control treatment. Means followed by the same letters are not significantly differen

Sensory Evaluation

Fruits treated at -5 °C (a) and stored under
refrigerated conditions (4°C) showed a
gradual improvement in taste (Figure 7A),
with values increasing from 7.33 in the
control treatment to 9.67 at the end of
storage, compared with 7.00-8.33 for fruits
stored at room temperature (25°C).
Similarly, texture scores (Figure 7B) in this
treatment increased from 7.67 to 9.67, while
declining to 6.00 under room temperature
storage, especially following the 60 °C
thermal treatment (b).

Astringency (Figure7C) decreased gradually
with storage, ranging from 7.33 to 9.67 in
the -5 °C / 4°C treatment, but dropped to
5.67 in the 60 °C / 25 °C treatment. Overall
acceptability (Figure 7D) was highest for the

1892

—5°C refrigerated treatment, increasing from
7.67 to 10.00, whereas it declined to 5.67 in
the 60 °C / 25 °C treatment. Color scores
(Figure 7E) were also highest in the -5 °C /
4 °C treatment at 9.43, compared with a
reduction to 5.33 in the 60°C/25°C
treatment.

ISSN 2072-3857




Overall Acceptance

==
o N

O N B OO

Euphrates Journal of Agricultural Science-18 (1):1885-1898, (Mar.2026) Alarab et al.
15
310 aabbb € bbbp aapbicy aday, 15
II |II III III I
f
° | I I| I I| I
0
a b
a b
A B
cde 1(2) b
abII ,bb ab X bbb bI a
Ic Tc bpy “ 8 gL
I .6 5
I 3 6
£ 4
S
g 0
4 25 £
a b < a b
C
D
15
5 10 beCc bbd:)cc a aa
C I iI i
0
a b
E

Figure 7 Effect of heat treatments and storage duration on the sensory attributes of date palm

fruit

= thermal treatment at —5°C; b = thermal treatment at 60°C; 4

=. refrigerated storage

temperature; 25 = room storage temperature. Each column = results after 15 days, Column 1 =
control treatment. Means followed by the same letters are not significantly differen

Discussion:

The gradual and significant increase in fruit
ripening percentage with prolonged storage
can be attributed to the activation of
metabolic pathways within fruit tissues after
harvest, particularly the production of
ethylene, which stimulates numerous
enzymes involved in the ripening process,
such as those responsible for Carbohydrates
breakdown and cell wall It is limited in
oranges. At higher storage temperatures (25

1893

°C), respiration and metabolic rates are
elevated, accelerating ripening compared
with refrigerated storage [10].

High-temperature treatment (60 °C) also
contributes to the acceleration of these
processes by enhancing ethylene production
and activating the metabolic network
associated with ripening, resulting in a
greater increase in ripening percentage
during the same storage periods, especially
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under room temperature storage. This aligns
with previous studies [2,16].

Regarding the gradual decrease in fruit
weight with extended storage, this can be
attributed to increased metabolic activity in
fruit tissues after harvest, primarily through
respiration and transpiration. Both processes
consume stored substances and convert
water into vapor lost to the surrounding
environment.

Thermal treatment at 60 °C may induce
structural changes in the fruit peel and
cuticular wax layer, such as increased peel
permeability or alterations in surface wax
layers, facilitating postharvest water loss.
Disruptions in the wax layer accelerate
transpiration, which explains why fruits
treated at 60 °C exhibited the highest rates
of weight lose, especially when stored at
higher temperatures (25 °C) [17]. This
weight loss serves as a clear physiological
indicator of tissue deterioration under the
influence of temperature and storage
conditions. Recent studies also indicate that
controlling temperature and humidity can
significantly reduce weight loss and extend
postharvest shelf life [18].

The gradual increase in total soluble solids
(TSS) content during storage is attributed to
a series of metabolic and physiological
changes in fruit tissues. Endogenous
enzymes break down complex
carbohydrates, such as starch, into soluble
sugars, raising sugar concentration in the
cell sap. Additionally, water loss from
tissues concentrates the remaining sugars,
leading to increased TSS values. Higher
storage temperatures further enhance this
metabolic conversion, accelerating
carbohydrate degradation into simple sugars,
which explains why fruits subjected to 60 °C
treatments recorded higher TSS values

1894

compared with -5 °C treatments. These
These findings agree with studies by [13]
and [36].

The gradual increase in total sugar content
during storage across all treatments is also
attributed to metabolic conversions, where
complex carbohydrate compounds ( starch
and large polysaccharides) are converted
into simple sugars through the activity of
hydrolytic enzymes, such as invertase, a-
amylase and B-amylase. This leads to a
gradual rise in soluble sugar concentration
during storage, particularly under conditions
that enhance enzyme activity. Similar
patterns have been observed in fruit storage
studies, such as pear, where total sugars
increased until mid-storage before declining
due to consumption during respiration and
advanced metabolic aging [22].

The significant decline in total phenolic
content during storage may result from the
activation of oxidative enzymes, as well as
metabolic reactions within tissues that
oxidize these compounds into non-
measurable forms like free phenolics [33].
This agrees with findings by [19] and [31].

Tannins, being complex phenolic
compounds, are prone to oxidation and heat-
induced reactions during storage. At higher
storage temperatures, the oxidation and
degradation of phenolic compounds,
including tannins, are accelerated, resulting
in decreased content over time. This is
consistent with recent literature indicating
that phenolic degradation increases with
higher temperatures and oxygen exposure,
reducing these compounds in stored foods
[25, 26].

Regarding sensory attributes, fruits treated at
-5 °C and stored under refrigerated
conditions (4 °C) maintained higher levels
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of taste, texture, color, and overall
acceptability compared with fruits stored at
25 °C. This suggests that cold storage slows
metabolic and enzymatic activity and limits
the loss of sensory compounds, consistent
with [34].

In contrast, storage at 25 °C combined with
60 °C thermal treatment accelerated
respiration and oxidation of compounds

Conclusion:

Results the type of thermal treatment and
storage temperature were the most
influential factors on the are ripening and
quality of the date palm fruit during storage.
>Cold treatment have been shown to delay
ripening and reduce weight loss and retard a
balanced accumulation of total soluble
solids (TSS), total sugars, and while
modulating a decreasing rate of phenolic
compounds and tannins. Such effects
favorably affected the sensory
characteristics and the acceptability index
of the fruits.

1895

responsible for flavor, texture, and color,
leading to a decline in sensory scores over
time, as observed by [19]. The gradual
decrease in astringency under higher
temperature treatments can be attributed to
the breakdown and transformation of
phenolic compounds during ripening and
storage, as noted by [12].

On the contrary, the high-temperature
treatment at 60 °C, especially with storage at
room temperature (25 °C), promoted
ripening, increased weight loss, triggered a
sharp increase in sugars and TSS, and
induced significant reductions in phenolic
compounds and tannins as well as quality
loss in terms of sensory parameters. Hence,
it would be concluded that cold treatment (—
5 °C) in combination with refrigerated
storage is a suitable technique for preserving
quality of date palm fruits and for
prolonging their
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