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The effect of heat treatment on the quality of date’s fruits (Phoenix dactylifera L.) was studied
for five months of storage at room temperature 22 £1°C with 75 to 80% RH, and 10 £1°C with
85 to 90% RH. The results indicated that during storage, the morphological characteristics
changed significantly. The major change was observed for the sample of heat treated dates
stored at 10 £1°C has the highest weight compared to the other samples of the dates studied.

PK oim?\tgsst The R-Index quality showed a rate of 8.56% and which increased in heat treated dates to reach
Date: ’ 8.87%. The width of date samples stored at 10°C is large compared to heat treated and non-
Heat treatment; heat treated samples stored at room temperature. Harvesting at the Tamar stage followed by

Morphological;
Characteristics.

heat treatment of the fruits has proven to be a promising method to maintain the storage
quality of date palm fruits.

1. Introduction

In the world the date palm cultivated on an area of
1 353 159 hectares with nearly 100 million palm trees and
a production of 8460 443 tons [1]. The date palm
cultivation in Algeria occupies an area of 167,269 hectares
with 18.5 million palm trees and a production of nearly 1
million and 29,596 tones [2]. Dates are a main income
source and staple food for local populations in many
countries in which they are cultivated, and have played
significant roles in the economy, society, and environment
of those countries [3].
The largest consumption of dates is at Tamar stage due to
their good storability and availability all year around [4].
Typically, date-flesh at its Tamar stage contains water (7-
38 /100 g), total sugars (44-88 g/100 g), fat (0.1-3.3 g/100
g), protein (1.5-5.4 g/100 g), dietary fiber (6.4-11.5 g/100
g), minerals, vitamins (such as vitamin C, B1, B2, B5, B9,
B12, A, riboflavin, and niacin), and phenolic compounds
[4]. The physical and compositional characteristic of date
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fruit is of prime importance for its quality, and varied
strongly depending on the variety, maturity, processing and
storage conditions [5]. The nutritional, physicochemical,
mechanical, structural, textural, and sensory properties are
necessary for determining it’s processing, storage stability,
and consumer acceptability [6].

Research on date fruit has shown that the fruit has a wide
range of uses and applications [7]. Although several works
have been carried out on date fruit, research studies
concerned with the nutritional and physico-chemical
characteristics of the fruit are very limited [7]. Shape,
morphological dimensions, volume, and surface area are
important characteristics for handling, processing and
storage of agricultural products. The morphological
characteristics of dates vary with the varieties, maturity,
and processing conditions. The length, width, and mass of
dates vary from 3.1-6.0 cm, 1.6-2.3 cm and 4.3-12.0 g,
respectively [4].
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Given that the dates, at harvest, cover a wide range in
humidity (from 10% to 45% on average), the heat
treatments intended for them, including mainly hydration
and drying, are carried out with the aim of improve the
quality of the fruit by homogenizing it with respect to its
humidity and by extending its shelf life during storage and
marketing [8]. The heat treatment (at 55°C/20min) of dates
has shown a remarkable effect in limiting the infestation of
Deglet Nour date stocks, even not heat treated, both at
room temperature and at 10°C [9]. Heat treatments are
more and more accepted as replacement treatments for
methyl bromide; however, determining the most sensitive
stages of biological development is essential to the
development of disinfection protocols based on thermal
energy [9]. To determine the most thermally resistant life
stage, Wang et al., and Khali, [10, 11] selected nine
combinations 48 °C for 2 min, 48 °C for 5 min, 48 °C for
10 min, 50 °C for 2 min, 50 °C for 3 min, 50°C for 5 min,
52°C for 05 min, 52°C for 1 min and 52°C for 2 min.
These authors showed that all larval forms and eggs were
destroyed by treatments of 50°C for 5 min and 52°C/2 min.
The objective of this experimental research is to see the
influence of heat treatment at the 55°C/20min thermal scale
[11], chosen as a postharvest disinfection technique, on the
morphological characteristics of Deglet Nour date (Phoenix
dactylifera L.) during storage.

2.  Materials and Methods

2.1. Plant material

The Deglet Nour dates, coming from the Tolga palm grove
(Wilaya of Biskra-Algeria), were harvested at the end of
October (at Tamar stage), then transported and kept in cold
rooms at 4 +1°C.

2.2. Heat treatment

The proposed alternative is a physical treatment at 55 +2°C
for 20 min as a heat treatment on the morphological
properties of the date fruit (Phoenix dactylifera L.), over a
period of five months of cold storage 10 +1°C with 85 to
90% RH and at room temperature 22 +£1°C with 75 to 80%
RH.

2.3. Constitution of experimental samples and storage

The dates are packaged in batches of 350 +5¢. Each sample
was filled with dates under the stated conditions and kept at
two temperatures of 22 +1°C and 10 %1°C inside the
refrigerated incubator.

Table 1. Experimental samples used in this research.

Ambient Temperature
(AT=22°C) (Test I)

Low Temperature
(LT=10°C) (Test I1)
with 75 to 80% RH with 85 to 90% RH

C1: (Control) No treatment C2 : (Control) No treatment
Lot 1: Non-Heat Treated: NHT Lot 1 : Non-Heat Treated: NHT
Lot 2 : Heat Treated: HT Lot 2 : Heat Treated: HT

2.4. Morphological measurement

Date morphological measurement was described according
to the IPGRI, UPOV standards [12], [13] and other
description [14].

2.5. Statistical analysis

The results are expressed as mean + standard error.
Variability between dated samples was determined by
analysis of the variance test using XLSTAT 2008 software.
Significance was defined at p<0.05. Experimental data was
subjected to analysis of variance, followed by a multi-
range Duncan’s test.

3. Results and Discussion

The results of the samples show a significant (p<0.05) to
very significant (p<0.001) difference of different parts
studied: whole date, and stone. Other studies have noted
that the difference between the values obtained for length
and weight are significant differences in morphological
characteristics between cultivars [15, 16].

3.1. Fruit length and width

The average length of the fruit varies from 43.40 to 44.59
mm. Samples of Non-Heat treated dates stored at low
temperature (10°C) are the longest dates, with an average
value of 44.59; the sample of heat treated dates stored at
room temperature (22°C) has the smallest length, 43.41
mm. These values on the one hand are close to those found
for the same Algerian varieties from other regions [12], on
the other hand compared to that found for Tunisian
varieties, which vary from 3.80 to 2.75 cm, prove to be
higher [18]. However, the highest mean value (44.59 mm)
obtained is slightly lower than that reported by Acourene et
al. [19] for another Algerian varieties Sebaa Bydraa (5.20
cm). Munier [15], reports that proper fertilization and
irrigation of palm trees results in dates with better lengths,
diameters and weights than poorly maintained ones. The
results of date fruit length and fruit diameter are in general
agreement with [21].

Hussein, [22] found that the fruit length values were 3, 3.5-
4, 6, 4-5, 5-6, and 5 cm and 2-3, 2.2-2.5, 2.5-3, 2.5-3, 2.5-
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3.5 and 3.5 cm for fruit diameter in Amhat, Bint-Aisha,
Zaghloul, Hayany, Samany and Amry respectively. The
results are in general agreement with with the findings of
same author.

The samples of the heat treated and Non-Heat treated dates
stored at room temperature (22°C), showed a width,
respectively, (20.59 +0.77mm) and (21.46 +0.04mm), the
samples of the dates stored at low temperature (10°C),
although, statistically these differences are very significant
(p<0.01) and significant (p<0.05) compared to heat treated
and not-heat treated samples stored at room temperature.
Mansour [23], studied the fruit morphology of date fruit,
who indicated that the fruit length ranged from a min of
2.80 cm in Aglany cultivar to a max of 5.92 cm in Zaghloul
cultivar; the mean length of the fruit in Bent-Aisha cultivar
(3.69 cm) was significantly shorter than the other studied
cultivars, while the mean of the same character in Zaghloul
cultivar (5.21cm) was significantly longer than the other
studied cultivars; also, the min diameter of the fruit base
was 0.59 cm in Bint-Aisha cultivar and the max diameter
was 1.37 cm in Samany cultivar; and the mean diameter of
the fruit base in Bent-Aisha cultivar was 0.71 cm.

Sakr et al. [24], who recorded that the Kuboshy and
Zaghloul cultivars had the highest significant value for date
fruit length by 6.65 and 6.10 cm compared with other
cultivars followed by Hayany, Samany, Amry, Bint-Aisha,
Barhy and Amhat cultivars by 5.82, 5.52, 5.01, 4.10, 4.05
and 3.50 cm respectively; in addition, the highest recorded
diameters were 3.31, 2.94, 2.76, 2.70 and 2.57 cm in
Samany, Barhy, Zaghloul, Hayany and Kuboshy cultivars
respectively. In addition, Muralidhara et al. [25] Who said
that the fruit length of jujubes at the Doka stage is the
largest in the Dayari variety (4.11 cm), followed by
Shamran (3.86 cm) and the smallest in the Zahidi variety
(3.22 cm); in the Pind stage, the fruit length of the Dayari
variety The largest (4.03 cm), comparable to Shamran
(3.82 cm) and Braim (3.80 cm), the smallest fruit length
(2.83 cm) was established for the Zahidi cultivar; an
increase in fruit length was also observed up to the Doka
stage of the trunk and from Doka to Pine A small decrease
in grade was observed; the largest fruit diameter was
observed in the cultivar Halaway (2.63 c¢cm), equal to the
cultivar Khalas (2.61 cm), followed by Khuneizi (2.48 cm)
and the smallest cultivar Shamran (2.03 cm) observed at
Doka stage.

3.2. Weight of the whole date, and of the stone
The weight of the dates constitutes a quality criterion

which makes it possible to differentiate between the
samples. The average weight ranges from 10.94g to

11.51g. The sample of heat treated dates stored at the low
temperature had the highest weight compared to the other
samples of the dates studied, followed by Deglet Nour.
Although, this increase was not significant (p>0.05) (Table
2 and Table 4).

Our results agree with those reported by Acourene et al.
[17], for dates from heat treated and Non-Heat treated
samples stored at room temperature (22°C), as well as
those from Non-Heat treated samples stored at low
temperature (10°C) (respectively 10.94-11, 29 and 11.15
g); this difference could be explained by climatic
conditions, culture and locality. In comparison with other
studies, it is found that the weights of dates differ from
varietie to varietie and from region to region. The variation
in morphological characters is mainly influenced by the
type of cultivars and different fruit developmental stages
[25].

The weights of 54 varieties of Algerian dates studied by
Acourene et al. [17] are between 19.41g and 3.88g for
Baydh-Ghoul and Ech EI Oued respectively; Sudanese
date varieties vary from 12.78-6.579 respectively for Black
Gau and Red Gau [26]. Mansour, [23] recorded that the
fruit weight was 23.80 g in Samany and 11.06 g in Bent-
Aisha cultivars, the results were in general agreement with
the findings of same author.

Muralidhara et al. [25], who stated that significant
differences were observed between different cultivars at all
stages of fruit development; and the maximum fruit weight
was observed at Medjool cultivar followed by Khuncizi
cultivar, which is at the same level as Khalas, and a
minimum was observed at Zahidi and Shamran in the
Doka stage; In the pind stage, the khuneizi cultivar had the
maximum fruit weight, followed by the Khalas cultivar at
the Medjool level, and the minimum was in the Halawa
and Zahidi cultivars. In the same study, Muralidhara et al. ,
the weight of the stone varied significantly at all stages of
fruit development between cultivars; At the Doka stage,
less seed weight was observed at the Khuneizi cultivar,
followed by the Khalas cultivar, which is at the same level
as the Shamran, and the maximum was at the Dayari
cultivar; too, the minimum seed weight was observed at
the Khuneizi cultivar followed by Zahidi and the
maximum was observed at the Dayari pind cultivar; the
weight of the stones increased rapidly from the Kimri
stage to the Doka stage and a decreasing trend was
observed in the Doka and Pind stages.

The average weights of the lowest and highest stone are
(0.83g +0.04g) for heat treated dates socked at low
temperature (10°C). This value is slightly lower than those
found for the other samples of the dates studied. However,
for Tunisian varieties, it has been reported that the highest
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and lowest stone weights are 1.89 g for the Beidh hmam
varieties and 1.36 g for Khalt Ahmar respectively [18].
This difference between the weight and length of the whole
date and the stone has allowed some authors to assess the
quality of Iraqi and Egyptian dates [27]. However, the
morphological characterization varies considerably with

the genetic diversity of the populations [28]. Finally, the

Table 2. The length, width, and core weight changes of date fruits during storage at 22 +1°C for different treatments.

Storage time (month)

Treatment

Control Heat treated (T) Non-Heat treated
(NT)
Length (mm)
0 44.89 +1.54" 44.44+2.01° 44.67+1.73°
1 43.44+1.81% 44.22+1 56" 44.78+1.39"°
2 43.67+1.66" 42.22+3.56" 45.67+2.83°
3 45.00+1.50" 43.56+1.94" 44.11+1.54°
4 43.56+1.81" 42.78+1.72" 44.22+1.79°
5 42.89+1.54" 43.22+1.48" 44,11+1.36"°
Width (mm)
0 22.11+1.45% 22+1.73% 22.89+2.20%
1 22.22+1.79% 19.89+1.90° 21+2.06A"
2 23.33+1.73" 20.67+2.12° 22.67+2.29"°
3 21.89+2.32%° 20.56+1.73"° 22.44+1.24"
4 22.56+1.59" 19.89+1.35° 20.38+1.92°
5 21.89+1.62" 20.56+1.13" 21.33+1.94%
Core weight (g)
0 0.88+0.10" 0.89+0.11% 0.88+0.15"
1 0.88+0.16" 0.97+0.15" 0.98+0.37
2 0.86+0.10" 0.88+0.13" 0.88+0.13"
3 0.81+0.15" 0.92+0.23" 0.82+0.20"
4 0.96+0.17% 0.88+0.08"* 0.80+0.12°
5 0.73+0.12"° 0.67+0.14° 0.87+0.15"

In each row (small letters) and column (capital letters), means (£SD) supplemented by different letters
differed by Duncan’s multiple range test at level of 5%. (On same line, means followed by the same letters are

not statistically different).

Table 3. The date weight and R-Index quality changes of date fruits during storage at 22 +1°C for different treatments.

Storage time

(month) Treatment
Control Heat treated (T) Non-Heat treated
(NT)
Date weight (g)
0 11.54+0.99% 11.450.98" 11.33+1.03*
1 11.36+1.17% 10.19+1.18% 10.81+1.46"
2 12.21+0.46" 10.59+1.13° 11.06+0.97°
3 11.39+0.717° 10.88+0.59° 11.64+0.77%
4 11.65+1.81% 11.53+0.65" 11.17+0.92%
5 11.10+1.10% 10.99+0.85" 11.77+0.70%
R-Index quality (%)
0 7.60 7.76 7.75
1 1.72 9.48 9.04
2 7.01 8.29 7.94
3 7.12 8.47 7.06
4 8.20 7.61 7.16
5 6.60 6.06 7.37

In each row (small letters) and column (capital letters), means (xSD) supplemented by different letters
differed by Duncan’s multiple range test at level of 5%. (On same line, means followed by the same letters are

not statistically different).

results obtained for all the indices are superior to those
found by Acourene et Tama, 1997 [29]. This can be
explained by the conditions under which the measurements
are carried out, knowing the instability of the water content
of the product and therefore of its structure and the
geographical areas of harvest.
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The average weights of the lowest and highest stone are
(0.83g +0.04g) for heat treated dates socked at low
temperature (10°C). This value is slightly lower than those
found for the other samples of the dates studied. However,
for Tunisian varieties, it has been reported that the highest
and lowest stone weights are 1.89 g for the Beidh hmam
varieties and 1.36 g for Khalt Ahmar respectively [18].
This difference between the weight and length of the whole
date and the stone has allowed some authors to assess the
quality of Iraqi and Egyptian dates [27]. However, the
morphological characterization varies considerably with
the genetic diversity of the populations [28]. Finally, the
results obtained for all the indices are superior to those
found by Acourene et Tama, 1997 [29]. This can be
explained by the conditions under which the measurements
are carried out, knowing the instability of the water content

of the product and therefore of its structure and the
geographical areas of harvest.

3.3. R-Index quality

Analysis of the physical characteristics of Deglet Nour
dates showed an R-Index quality equal to 8.56% which
increases in heat treated dates to reach 8.87%. Although,
this increase is not significant (p>0.05) (Table 3 and Table
5), the heat treatment having caused a decrease in the
average water content of the date and therefore a loss in
weight, consequently led to an increase in the R-Index
quality. These values are within the range accepted for
semi-soft dates of the Deglet Nour varieties, the R ratio of
which is between 8 and 12% [20, 30].

Table 4. The length, width, and core weight changes of date fruits during storage at 10 £1°C for different treatments.

Storage time (month)

Treatment

Control Heat treated (T) Non-Heat treated
(NT)
Length (mm)
0 43.33+1.41° 45.67+1.73% 44.22+1.48"°
1 43.78+2.33" 44.22+1.79% 43.89+1.45"
2 44.22+1.64" 44.11+2.37* 43.56+2.13"
3 44.00+2.12" 45.78+2.28" 44.22+2.49"
4 43.78+2.33" 43.11+2.67 43.67+2.24"
5 37.78+4.74° 42.78+0.67" 44.11+1.76"
Width (mm)
0 22442137 22+1.717 21.33£3.047
1 23.33£3.71% 21.44+1.60% 20.78+2.28"
2 21.56+1.88" 22.33+1.38" 20.78+2.49"
3 22.11+1.62% 20.78+1.33% 21.33+1.73%
4 20.67+2.91* 20.56+1.66" 21.22+1.56"
5 20.62+1.14° 21+1.80%° 22.78+2.59"
Core weight (g)
0 0.88+0.20" 0.88+0.12" 0.91+0.20®
1 0.91+0.15" 0.86+0.11* 0.76+0.24"
2 0.94+0.19" 0.86+0.16" 0.91+0.22%
3 0.88+0.12" 0.84+0.19" 0.89+0.12"
4 0.89+0.17% 0.83x0.16" 0.84+0.10"
5 0.82+0.13" 0.74+0.15" 0.88+0.12"

In each row (small letters) and column (capital letters), means (£SD) supplemented by different letters differed
by Duncan’s multiple range test at level of 5%. (On same line, means followed by the same letters are not

statistically different).

Heat treatment of dates at 60-70°C for 2 hours killed 100%
of fig moths and sawtooth beetles, but resulted in a glossy
fruit appearance or glaze [31]. Exposure of dates to
temperatures of 65-80 °C for 30 minutes to 4 hours’
controls insects at high humidity [32]; however, this
method is not always very effective for controlling insects
in dates with high moisture content because Prolonged
exposure to high temperatures can cause darkening, dull
color and loss of flavor. Rafaeli et al. [33], described an

efficient, short-term and inexpensive method using
postharvest warming tanks. They found that the optimal
temperature range for the maximum escape of beetles from
the fruit was 55°C for 2.5 hours and achieved at a rate of
1.8°C/min.

Few previous research studies were conducted on the
effects of temperature on ripe date palm fruits (Tamar) for
storage, transportation, and postharvest insects and disease
control purposes [9, 34].
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Heated air at 50-55°C for 2-4 hours (from the time the
fruit temperature reaches 50°C or higher) is effective for
disinfestation [35], but the use of higher temperatures is not
recommended because it makes the color of the dates
darker. Forced hot air is recommended to obtain faster and
more uniform heating of the dates.

Cooling the dates to the desired storage temperature
(0°C) soon after completion of the heat treatment reduces
the intensity of color darkening. Hussein et al. [36],
reported that boiling water is more efficient in controlling
infestation of dates than exposure to hot air at 70°C.
However, very hot water also increases sugar loss that can
reach up to 20%.

Morphological studies of date palm cultivars are still

weak, as differences between cultivars may be due to
cytological differences or more genotypes produced from
seeds [37, 38]. In general, fruit characteristics such as fruit
weight, length, size, and color accounted for 31% of the
variance [39]. However, morphological characterization
varies considerably with the genetic diversity of
populations [40].

All samples have acceptable fruit lengths when
classified according to national standards [5]. In addition,
the standard specification for date shows good diameters
[41]. Furthermore, according to national and international
standards [5, 42], the weights of heat treated and non-heat
treated jujube fruits were acceptable for all dates.

Table 5. The date weight and R-Index quality changes of date fruits during storage at 10 +1°C for different treatments.

Storage time

(month) Treatment
Control Heat treated (T) Non-Heat treated
(NT)
Date weight (@)
0 11.82+0.81% 11.88+0.68" 11.48+1.23"
1 11.85+0.76" 11.2041.317° 10.49+1.25°
2 11.81+1.03% 11.45+1.374 10.93+1.12%
3 11.32+1.24* 11.43+1.20" 11.19+0.98°
4 11.54+0.98" 12.15+0.92" 11.51+2.02*
5 11.55+1.08% 10.94+1.46" 11.32+41.44%
R-Index quality (%)
0 7.42 7.39 7.94
1 7.69 7.64 7.20
2 8.00 7.47 8.33
3 7.75 7.39 7.94
4 7.70 6.86 7.34
5 7.12 6.80 7.76

In each row (small letters) and column (capital letters), means (£SD) supplemented by different letters differed
by Duncan’s multiple range test at level of 5%. (On same line, means followed by the same letters are not

statistically different).

4. Conclusion

The findings of this study indicated that harvesting
Deglet Nour dates at the Tamar stage followed by a heat
treatment (at 55 +2°C) of the fruits, storing of 5 months at
22 +1°C with 75 to 80% RH and 10 +1°C with 85 to 90%
RH is a promising method for maintaining date palm fruit
storage quality. There is a significant different between the
treatments on the quality of date palm fruits. The
interaction of heat treatment and storage temperature at 10
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