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Introduction

Date fruit is an important food product that is consumed in 
large quantities, especially in the Middle East region. Iran has an 
important place in the production of dates in the world. Date fruit 
do not ripen uniformly, even in the same bunch, and consequently 
several harvests are required during the harvest season. In some 
varieties only 30 to 40% of the total fruit might normally ripen 
on the tree, the remaining fruit fail to ripen, causing economic 
loss. Thus, hastening fruit ripening on or even off the tree is a 
critical process [1].  Artificial ripening is a good option for dates 
after part of the maturing process has occurred on the tree. It is  

 
necessary when the fruit on the tree does not ripen naturally or 
when changes in weather conditions and early rains cause damage 
to the product. Under natural conditions on the tree, the period 
from the ripening of the first date until the last is a month. This can 
be a hazardous time for the crop. In this period some ripe dates fall 
and are attacked by pests. Artificial ripening is a way of avoiding 
this situation [2]. Some chemical compounds such as NaCl, acetic 
acid and plant hormones such as ethephon or physical methods 
such as heat and cold treatments are used to artificially produce 
dates [2-4].
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‘Piarom’ date (Phoenix dactylifera) is one of the semi-arid and commercially important cultivars in Iran. In Ahvaz region of Iran, most of the 
date cultivars, including ‘Piarom’, turn sour and fall prematurely, during the rutab stage, due to high moisture content, leading to a major yield 
reduction. Therefore, the purpose of this study was to investigate different methods of artificial ripening of ‘Piarom’ dates in the khalal and rutab 
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treatments regarding of reducing sugars percentage. In all three harvests, the reducing sugar content of frozen fruit was lower than that of natural 
dates. According to the study, acetic acid at 2% was more successful than other treatments if it did not have a bad effect on the taste and aroma 
of the fruit. Thus, we suggest that the impact of other acid-containing compounds, but without the poor taste of acidic acid, such as acid extracts 
from other fruit be experimented for the ripening of ‘Piarom’ date in the future.
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Shamshiri and Rahemi [5] investigated the effect of post-
harvest application of acetic acid (2%), sodium chloride (2%) and 
their combination (2%) on the ripening and quality of ‘Mazafati’ 
dates and stated that the application of each of these treatments 
increased the amount of TSS, but decreased the firmness and 
moisture content of the fruit. They also reported that acetic acid 
treatment had a greater effect on fruit ripening than NaCl, but fruit 
treated with NaCl were better in terms of appearance. Ben-Zoi 
et al. [3] by studying different physical and chemical treatments 
including 1- Freezing of khalals at -18°C as a control, 2- Heat 
treatment of khalals at 40-50°C and high humidity (more than 
90%), 3- heat treatment of the khalals but in a dry atmosphere 
(relative humidity 30-40%) for 1-3 days, 4- immersion of the 
Khalal dates for a couple of minutes into a mix of 7.5% potassium 
carbonate, 0.5% olive oil and 0.5% and benzophenone-3 
surfactant and 5- incubation the Khalal date fruit in anaerobic 
conditions (modified atmosphere, 23% carbon dioxide and 1.5% 
oxygen) for 1-3 days for artificial ripening dates of ‘Medjhool’ 

cultivar stated that post-harvest treatment with a combination of 
heat and high humidity resulted in better taste and texture than 
other treatments.

‘Piarom’ date (Figure 1) is one of the semi-dry and 
commercially important cultivars of the country, which is mainly 
produced in Haji Abad region located in Hormozgan province. 
Due to the global popularity of this cultivar, its cultivation has 
increased in other regions, including Ahvaz. In the Ahvaz region, 
on the one hand, most of the date varieties, including ‘Piarom’, turn 
sour and fall during the rutab stage, while a large amount of fruit 
remains in the khalal stage due to the high relative humidity of 
the air during the date ripening season. This phenomenon causes 
a decrease in yield and an increase in the waste of ‘Piarom’ dates, 
and as a result, the economic loss of producers. Therefore, the 
purpose of this research was to investigate different methods of 
artificial ripening and to introduce the best method for artificial 
ripening of ‘Piarome’date.

Figure 1: ‘Pirom’ date at one of the harvest times.

Materials and Methods

This research was carried out on the fruit of ‘Piarom’ cultivar 
grown in the collection of Date Palm (Figure 2) and Tropical Fruit 
Research Center located in Ahvaz region at 40° 48ʹ East longitude 
and 31° 20ʹ latitude and at an altitude of 22.5 meters above sea 
level. ‘Piarom’ date fruit were harvested in several ripening stages, 
from the beginning of the khalal stage, with a time interval of 
every two weeks. At each stage, after harvesting, the ‘Piarom’ 
khalals were separated based on their shape, size and appearance 
color. After harvesting and separation, the selected fruit were 

washed using distilled water at a temperature of 25°C. Then some 
samples were immersed in acetic acid solutions with two levels 
of 1 and 2 percent and NaCl with two levels of 1 and 2 percent 
for five minutes. Distilled water was used for control samples. In 
order to perform physical treatment, the khalals were frozen for 
24, 48 and 72 hours at -18°C. After the treatments, the samples 
were placed in the germinator with a temperature of 25°C and 
a relative humidity of 30%. In the first year, the samples were 
placed in two conditions of temperature and humidity, including 
temp 25 °C - RH 30% and temp 40°C-RH 70% And due to the mold 
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growth of the samples in 40°C and RH 70%, in the following year, 
the temperature of 25°C and RH 30% was chosen as the optimal 
conditions for the study. After turning the samples into rutab, they 
were taken out of the germinator and placed in an oven at 45°C 

for 72 hours to reduce moisture content and turn into tamar. After 
turning the samples into tamar in terms of appearance, they were 
taken out of the oven and placed at -20°C to measure some quality 
characteristics.

Figure 2: The collection of date palm under study.

The ratio of ripe dates to the total number of dates was defined 
as the ripening percentage. Moisture content was quantitatively 
determined according to AOAC methods [6] in triplicate. To 
measure soluble solids concentration (SSC), titratable acidity 
(TA) and reducing sugars of dates, 25 grams of pitted date fruit 
(date flesh) was carefully weighed and 100 ml of distilled water 
was added to it. Then, it was thoroughly mixed with a mixer and 
became a uniform liquid and was passed through filter paper. 
The obtained extract was used to measure the said traits. Soluble 
solids concentration was determined with a hand refractometer 
(Model RX-5000; Atago, Japan), and results were expressed as 
percent of soluble solids concentration (Brix, %) in juice at 25°C. 
To measure the amount of TA, titration method with 0.1 normal 
NaOH and phenolphthalein indicator was used. The amount of TA 
was calculated and recorded as a percentage based on malic acid. 
To measure reducing sugars in the fruit, 25 g of fruit was mixed 
with four times its weight of water (about 100 milliliters) and 
thoroughly mixed and filtered using filter paper. Then according to 
the Eynon-Lane method (Fehling test) and the AOAC [6] method, 
the amount of reducing sugars in this solution was measured.

Results and Discussion

Conversion process

Immersion treatments

During the first harvest as shown in Table 1, on the first day 
after applying the treatments and placing them in the conditions 
of temperature of 25°C and RH 30%, the highest conversion 
percentage related to immersion treatments in acetic acid 1 and 
2%. In the acetic acid immersion treatments, from the second 
day we observed the turning of 100% of the individual khalal 
into rutab, while in the other treatments, on the fourth day, 100% 

transformation of the individual khalal was observed. On the 
fourth day, the fruit of the acetic acid treatments were taken out 
of the germinator and kept at a temperature of 45°C due to the 
cessation of the transformation process and the observation of the 
remaining khalal fruit wilting, but the other treatments remained 
in the germinator for another day due to the continuation of the 
conversion process.

According to Table 2, in the second harvest as well as the first 
harvest, during the first day, the highest conversion percentage 
was related to the acetic acid 1 and 2% treatments. From the 
second day, 100% transformation of the individual khalal fruit 
into rutab was observed in the acetic acid and control treatments, 
while in the NaCl solution immersion treatments, it happened on 
the third day, which was one day earlier than the first harvest. On 
the fourth day, the fruit of acetic acid treatments were removed 
from the germinator and placed in the oven, and the other 
treatments were placed in the oven one day later. In this harvest, 
also, the highest conversion percentage and conversion speed 
were related to acetic acid treatments.

In the third harvest, like the previous two harvests, on the 
first day, the highest percentage of conversion was related to 
immersion treatments in acetic acid solutions. Despite the two 
previous harvests, in this harvest on the first day, we observed 
complete rutab fruit, which was related to the acetic acid 2% 
treatment. In other treatments, complete rutabs was observed 
from the third day, which was less than the acetic acid treatments. 
In this harvest, all the treatments were taken out of the germinator 
on the fourth day and placed in oven conditions. In this harvest, 
the highest percentage and conversion rate was related to acetic 
acid 2% treatment (Table 3).
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Table 1: The conversion process (%) of khalals to rutab after applying the treatments, at a temperature of 25°C and RH 30%, the first harvest.

Treat-
ments

Day 1v Day 2 Day 3 Day 4 Day 5

<25 25-52 >50 100 <25 25-52 >50 100 <25 25-52 >50 100 <25 25-52 >50 100 <25
25-
52 >50 100

Control 1.66 0.4 0 0 2.5 0.41 0 0 5 0 0 0 3.75 0.41 1.66 0.83 0.41 1.25 2.5 7.5

NaCl 1% 2.9 0 0 0 3.75 1.25 0 0 3.75 0.83 1.25 0 3.75 1.25 1.25 1.25 2.08 1.25 2.91 5

NaCl 2% 2.9 0.41 0 0 3.75 1.66 0 0 4.16 3.33 0.83 0 2.08 2.08 3.75 1.66 1.25 1.25 1.66 12.91

Acetic 
Acid 1% 24.16 8.3 0 0 10.8 12.08 6.66 1.25 2.08 5.83 12.08 7.5 1.25 2.5 4.58 18.75 0 0 0 0

Acetic 
Acid 2% 20.83 17.5 4.16 0 9.58 10.41 11.66 8.33 2.5 2.08 10.83 22.5 0 0.83 4.58 30.83 0 0 0 0

v<25, 25-50, >50 and 100: Less than 25%, 25-50%, >50% and 100% of the fruit surface has turned into rutab, respectively.

Table 2: The conversion process of khalals to rutab after applying the treatments, at a temperature of 25°C and RH 30%, the second harvest.

Treat-
ment

Day 1v Day 2 Day 3 Day 4 Day 5

<25 25-52 >50 100 <25 25-52 >50 100 <25 25-52 >50 100 <25 25-52 >50 100 <25 25-52 >50 100

Con-
trol 1.25 0 0 0 2.5 3.75 0.41 1.66 1.66 0.41 3.33 4.16 1.66 0.41 0.83 8.75 0.41 0.83 1.25 12.08

NaCl 
1% 1.25 0 0 0 3.75 2.08 0.41 0 5.83 2.5 1.25 2.08 1.66 0.41 1.25 5.41 0.41 0.41 1.25 9.16

NaCl 
2% 4.58 0 0 0 4.58 1.66 2.08 0 4.16 2.5 2.91 2.08 2.5 0.41 1.66 7.08 0.83 0.41 2.5 11.25

Acetic 
Acid 
1%

19.58 7.91 0 0 5 2.08 8.75 8.75 2.91 2.91 1.66 16.66 0.83 0 2.08 20.41 0 0 0 0

Acetic 
Acid 
2%

16.25 10 2.08 0 4.58 3.75 5.83 12.91 4.16 2.5 3.33 18.75 1.66 0.41 0.83 23.33 0 0 0 0

v<25, 25-50, >50 and 100: Less than 25%, 25-50%, >50% and 100% of the fruit surface has turned into rutab, respectively.

Table 3: The conversion process of khalals to rutab after applying the treatments, at a temperature of 25°C and RH 30%, the third harvest.

Treatment
Day 1v Day 2 Day 3 Day 4

<25 25-52 >50 100 <25 25-52 >50 100 <25 25-52 >50 100 <25 25-52 >50 100

Control 0.41 0.41 0 0 2.5 0.41 0 0 1.66 0.83 0.83 0.41 1.66 0 0.83 6.25

NaCl 1% 2.91 0 0 0 4.58 0.41 0 0 2.5 2.08 1.66 0.83 0 1.25 2.5 9.16

NaCl 2% 2.5 0.41 0 0 3.75 1.66 0 0 3.33 1.66 1.25 2.08 0.83 0.41 1.66 10.83

Acetic 
Acid 1% 16.66 10.41 2.91 0 9.58 3.33 10.83 5 3.33 0.41 5.41 15.41 0.83 0 0.41 23.33

Acetic 
Acid 2% 19.58 10.83 7.5 1.66 10.41 6.25 11.25 8.75 5 2.91 1.66 23.33 0.83 0 0 30

v<25, 25-50, >50 and 100: Less than 25%, 25-50%, >50% and 100% of the fruit surface has turned into rutab, respectively.

According to the observations and results, the acetic acid 
treatments were more effective than the NaCl treatments in terms 
of the rate and percentage of conversion of ‘Piarom’ khalals to 
rutab. In some studies, immersion treatments have been found 
to be ineffective or have little effect on the turning of khalal, and 
heat treatments have been shown to be effective, but, in this study, 

in the first phase of conversion, despite the low temperature, the 
immersion treatments had a significant effect on the conversion 
of khalals to rutab, although it should be noted that some of the 
khalals that remained unchanged in this phase, in the second 
phase of conversion (oven, 45°C), followed the conversion process.

http://dx.doi.org/10.19080/ARTOAJ.2022.27.556362


How to cite this article: Ensieh G, Esmaeil F, Ahmad M, Mozhgan M, Seyed N M. In Search of Physical and Chemical Treatments for Artificial Ripening 
of ‘Piarom’ Date Fruit. Agri Res & Tech: Open Access J. 2022; 27 (2): 556362. DOI:10.19080/ARTOAJ.2022.27.556362005

Agricultural Research & Technology: Open Access Journal 

Percentage of desirable rutab and tamar fruit

Immersion treatments

According to the data analysis results, the percentage of 
desirable rutab fruit in terms of appearance during all three 
harvests of khalals was affected by the immersion treatments. 
In the first harvest (Table 4), the highest percentage of desirable 
rutabs was related to the immersion treatment in acetic acid 
2% solution, and the lowest percentage was observed in the 

immersion treatment in NaCl 1% solution. In the second harvest 
(Table 4), the highest and lowest desirable rutab fruit percentage 
was observed in acetic acid 2% and NaCl treatments, respectively. 
As in the first harvest, no significant difference was found among 
the immersion treatments in NaCl solution and the control. In the 
third harvest (Table 4), the acetic acid 2% treatment showed the 
highest percentage of desirable rutabs, and the lowest percentage 
was observed in the control treatment.

Table 4: Effect of acidic and saline solutions on percentage of desirable rutab and tamar in terms of appearance.

Treatment

Desirable rutab in terms of appearance (%) Desirable tamar in terms of appearance (%)

First Harvest Second Harvest Third Harvest First Harvest Second Harvest Third Harvest

Control 23.3 bv 23.3 b 13.3 c 20.8 c 32.5 a 29.2 b

NaCl 1% 18.3 b 20.0 b 25.0 b 32.5 bc 33.3 a 35.0 b

NaCl 2% 28.3 b 25.8 b 25.0 b 33.3 bc 33.3 a 37.5 b

Acetic Acid 1% 57.5 a 39.2 a 46.7 a 45.8 ab 34.2 a 57.5 a

Acetic Acid 2% 70.0 a 45.8 a 53.3 a 57.5 a 32.5 a 70.0 a
vValues of similar letters, within the same column, were not significantly different according to the Duncan’s multiple range test (P≤0.01).

According to the results, the percentage of desirable tamar 
fruit obtained from the turning of the first and third harvest 
khalals was affected by immersion treatments. During the first 
and third harvests (Table 4), the highest and lowest percentage of 
desirable tamar fruit were observed in the immersion treatments 
in acetic acid 2% solution and the control, respectively.

According to the results, the application of acetic acid was 
more effective in stimulating the ripening of khalals. The use of 
acetic acid initially caused brown spots on the fruit, and after a 
few days it increased the ripening speed. The ripening of fruit 
as a result of the use of acetic acid can be directly and indirectly 
attributed to its effect. Regarding the indirect effect, it can be said 
that by destroying the cell wall due to the weak acidic state of 
acetic acid, it has created a mechanism of spontaneous production 
of ethylene in the fruit, and since the production of ethylene in 
the date fruit is irreversible, the process of ethylene production 
continues until the fruit ripens completely, and it increases the 
ripening speed of the climacteric date fruit. Its direct effect is 
related to its effect on the activity of cell enzymes. As a result of 
the acidic reaction of acetic acid with the cell wall and the effect 
of its protons on the proton activity of the cell wall, it increases 
the activity and possibly disrupts the gradual activity of the wall 
due to respiration. This important effect increases respiration and 
affects the mechanism of enzymes [5].

Freezing treatments

During the first and second harvests of khalal fruit, the 
percentage of desirable tamar fruit was affected by the duration 
of freezing. During the third harvest, the difference among the 
treatments was not significant. 

In the first harvest, the highest percentage of desirable tamar 
fruit was observed in the freezing treatment for 72 hours, and the 
lowest percentage was related to the freezing treatment for 24 
hours. In the second harvest, the highest percentage was related 
to the 24-hour freezing treatment and the lowest was related to 
the 48-hour treatment (Table 5). The fruit obtained from freezing 
did not have the desired quality in terms of appearance and had 
a wrinkled appearance. The effect of freezing treatment on fruit 
ripening can be attributed to the destruction of the cell wall due to 
the freezing process and then heating, which increases the activity 
of the enzymes involved in fruit ripening.

Fruit moisture content

The results showed that there was a significant difference 
among the different harvesting times in terms of moisture 
content of the khalal fruit. According to the obtained data, the 
highest percentage of moisture content was observed in the first 
harvest and the lowest in the third harvest (Figure 3). According 
to the results of data analysis, the moisture percentage of fruit 
in the first and second harvest was significantly affected by the 
immersion treatments and a difference was observed among the 
treatments in the third harvest. In the first harvest, the highest 
moisture content was related to the immersion treatment in NaCl 
1% and the lowest was related to natural dates. Fruit obtained 
from NaCl treatments had higher moisture percentage compared 
to the control and acetic acid treatments, but no significant 
difference was observed among the other treatments and the 
control (Table 6). In the fruit obtained from Khalal fruit during the 
second harvest, no significant variation was observed among the 
different immersion treatments and the moisture percentage of 
the obtained fruit was higher than that of natural dates. The fruit 
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obtained from the second harvest had higher moisture percentage 
than the first harvest (Table 6). During the third harvest, there 
was no significant variation among different treatments regarding 
moisture percentage, and the moisture of the fruit obtained from 

the treatments was significantly higher than that of natural dates. 
Also, the moisture percentage of the fruit was higher than the fruit 
obtained from the first harvest khalals (Table 6).

Table 5: Effect of freezing times on percentage of desirable tamar fruit in terms of appearance.

Traetment
Desirable tamar in terms of appearance (%)

First Harvest Second Harvest Third Harvest

24 hours 20.29 bv 43.66 a 51.66 a

48 hours 31.88 ab 20.83 b 40 a

72 hours 43.47 a 31.22 ab 56.66 a

vValues of similar letters, within the same column, were not significantly different according to the Duncan’s multiple range test (P≤0.01).

Table 6: Effect of acidic and saline solutions on fruit moisture content.

Treatment
Moisture content (%) of tamar fruit

First Harvest Second Harvest Third Harvest

Control 25.3 abv 35.8 a 34.3 a

NaCl 1% 32.3 a 34.3 a 31.1 a

NaCl 2% 29.1 ab 35.1 a 33.7 a

Acetic Acid 1% 25.1 ab 35.7 a 34.5 a

Acetic Acid 2% 22.9 ab 33.4 a 35.7 a

Natural Fruit 16.9 b 16.9 b 16.9 b

vValues of similar letters, within the same column, were not significantly different according to the Duncan’s multiple range test (P≤0.01).

Figure 3: Moisture content of ‘Piarom’ khalals in three different harvest times.

Freezing treatment

According to the results of data analysis in all three harvests, 
there was significant variation among the treatments. In the first 
harvest, the lowest percentage of moisture was related to natural 
dates and no significant difference was observed among the three 

freezing times. The moisture percentage of the obtaining fruit was 
higher than that of natural dates (Table 7). In the second harvest, 
the highest percentage of moisture was found in the 24-hour 
treatment, and the other two times were not significantly different 
from each other, and the lowest percentage of humidity was related 
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to the natural fruit (Table 7). In the third harvest, the humidity 
percentage of the fruit obtained from the freezing treatments was 
higher than that of natural dates, and no significant difference 
was observed between different freezing times (Table 7). During 
the storage of the khalals in the germinator and then the oven 
conditions, the moisture level of the fruit decreased. Controlling 
the humidity content of date fruit is a key factor for their shelf 

life. The decrease in moisture percentage of fruit due to chemical 
treatments was more than the decrease in moisture content of 
fruit resulting from freezing. In general, the moisture content in 
the fruit did not decrease to the acceptable level of natural date 
moisture, and with the increase in the duration of keeping the fruit 
in the oven to reduce the humidity; the appearance of the fruit 
became unfavorable.

Table 7: Effect of freezing times on fruit moisture content.

Treatment
Moisture content (%)

First Harvest Second Harvest Third Harvest

24 hours 40.8 av 44.8 a 40.6 a

48 hours 35.7 a 28.9 b 45.3 a

72 hours 34.6 a 29.2 b 44.3 a

Natural Fruit 16.9 b 16.9 c 16.9 b

vValues of similar letters, within the same column, were not significantly different according to the Duncan’s multiple range test (P≤0.01).

Soluble Solids Concentration (SSC)

Immersion treatments

According to the results of variance analysis, the concentration 
of soluble solids (SSC) of ‘Piarom’ khalals was not affected by 
different harvesting times. The khalal fruit had more SSC in the first 
harvest than in the second and third harvests, but this difference 
was not significant (Figure 4). The effect of immersion treatments 
on the concentration of soluble solids (SSC) during the first and 

the second harvest was significant. In the third harvest, the SSC 
value of the studied date fruit was not affected by the treatments.

In the first harvest, the highest SSC was related to the natural 
date fruit, which, of course, had no significant difference with 
the control, NaCl 1% and acetic acid 2% treatments. The lowest 
SSC was observed in fruit obtained from immersion treatment 
in acetic acid 1% solution (Table 8). In the second harvest, the 
highest soluble solids concentration was related to natural date 
fruit, and the lowest level was related to the control fruit (Table 8).

Table 8: Effect of acidic and saline solutions on tamar fruit SSC, TA and SSC/TA.

Traetment

SSC (%) TA (%) SSC/TA

First Harvest Second 
Harvest Third Harvest First Harvest Second 

Harvest
Third 

Harvest First Harvest Second 
Harvest

Third 
Harvest

Control 65.00 abv 51.02 d 56.85 a 0.39 b 0.53 c 5.36 a 186.32 a 95.19 a 10.61 c

NaCl 1% 61.35 abc 53.80 cd 62.05 a 4.02 a 5.36 b 0.13 b 15.26 a 10.04 c 477.3 a

NaCl 2% 60.32 bc 55.22  bcd 58.75 a 0.67 b 1.2 c 5.35 a 93.78 a 42.96 bc 11 c

Acetic Acid 1% 57.70 c 57.10 bc 55.45 a 0.27 b 8.3 a 0.27 b 215.3 a 6.87 c 206.9 b

Acetic Acid 2% 65.47 ab 59.95 b 55.27 a 1.2 b 3.88 b 1.74 ab 60.77 a 15.44 bc 37.15 c

Natural Fruit 66.85 a 66.85 a 66.85 a 1.07 b 1.07 c 1.07 b 62.36 a 62.36 ab 62.36 c

vValues of similar letters, within the same column, were not significantly different according to the Duncan’s multiple range test (P≤0.01).

 Freezing treatment

During all three harvests, the difference between different 
freezing times and natural date fruit (as a control) was significant. 
In the first harvest, the highest SSC was found in natural date 
fruit, and the frozen date fruit did not show significant differences 
with each other (Table 9). In the second harvest (Table 9), natural 
dates had the highest concentration of soluble solids, followed by 
freezing treatments for 72 hours and 48 hours. The lowest value 

of SSC was related to freezing for 24 hours. In the third harvest, 
the highest and lowest SSC concentrations were related to natural 
dates and freezing treatment for 72 hours, respectively. In all three 
harvest times, the SSC value of fruit obtained from freezing was 
lower than that of natural dates (Table 9). During the conversion 
processes, due to immersion and freezing treatments the SSC 
value of the fruit increased, but the soluble solids concentration 
of artificially ripened fruit was lower than that of natural ‘Piarom’ 
dates. 
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Table 9: Effect of freezing on SSC, TA and SSC/TA of tamar fruit.

Treatment
SSC TA SSC/TA

First
 Harvest

Second 
Harvest

Third 
Harvest

First 
Harvest

Second 
Harvest

Third 
Harvest

First 
Harvest

Second 
Harvest

Third 
Harvest

24 h 52.65 bv 49.35 c 58.86 b 0.4 b 0.53 a 0.62 b 142.48 a 93.11 a 98.07 a

48 h 56.86 b 56.22 b 51.28 c 0.26 b 0.67 a 3.3 a 218.72 a 86.34 a 15.89 c

72 h 56.26 b 58.88 b 50.20 c 0.26 b 0.98 a 2.85 a 216.41 a 72.7 a 17.62 c

Natural Fruit 66.85 a 66.85 a 66.85 a 1.07 a 1.07 a 1.07 b 62.36 b 62.36 a 62.36 b

vValues of similar letters, within the same column, were not significantly different according to the Duncan’s multiple range test (P≤0.01).

It seems that the main reason for the increase in the SSC value 
is the decrease in the humidity content of the fruit [7] and because 
the process of water loss has not been carried out well, the amount 
of soluble solids was lower than natural ‘Piarom’ dates. On the 
other hand, the increase in soluble solids is also related to the 
increase in the activity of the enzymes responsible for processing. 
During the natural ripening of dates, the amount of soluble 
proteins in the fruit increases until the beginning of the khalal 
stage and then decreases during the khalal stage. On the other 
hand, the amount of soluble proteins increases during ripening. 
The increase in polygalacturonase activity is more due to the 
conversion of inactive insoluble proteins into active and soluble 
forms rather than the direct production of the enzyme, and this 
process continues if the fruit is harvested at the khalal stage and 
causes softening and an increase in soluble substances [8].

Titratable Acidity (TA)

Immersion treatments

No significant difference was observed among different 

harvest times in terms of the amount of TA of the khalals. The fruit 
TA in the third harvest was higher than the other two harvests, 
but this difference was not significant (Figure 5). According to 
the results of data analysis, during all three harvest times, the 
amount of TA of date fruit obtained from immersion treatments 
was significantly affected by the treatments. In the first harvest, 
the highest amount of TA was related to the immersion treatment 
in NaCl 1% solution and there was no significant difference among 
the other treatments and the control and natural dates (Table 8). 
In the second harvest, the immersion treatment in 1% acetic acid 
solution showed the highest amount of TA, and the lowest value 
was related to the control treatment. In this harvest, the TA value 
of the treatments, except for the control and NaCl 2%, was higher 
than the natural dates (Table 8). At the third harvest, the highest 
amount of TA was observed in control treatments and NaCl 2% 
solution, and the lowest amount was related to the fruit obtained 
from immersion in NaCl 1% and acetic acid 1%. Except for the 
control treatment and NaCl 2% treatment, the other treatments 
had no significant difference regarding TA with natural dates 
(Table 8).

Figure 4: The effect of harvesting time on the SSC of ‘Piarom’ khalals.
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Figure 5: The effect of harvesting time on the TA of ‘Piarom’ khalals.

Freezing treatments

According to the results (Table 9), during the second harvest, 
the amount of TA of fruit was not affected by the duration of 
freezing, while during the first and third harvest; the variation 
among the treatments was significant. In the first harvest, the 
TA content of dates obtained from three freezing times was 
significantly lower than that of natural dates, but in the third 
harvest, the TA content of fruit obtained from freezing for 48 and 
72 hours was significantly higher than that of natural dates and 
the 24-hour treatment had no significant difference with natural 
date fruit. The TA value of the samples decreased during ripening. 
The higher TA value in some treatments compared to natural dates 
and other treatments is most likely due to the fruit becoming sour 
during the artificial ripening process.

SSC/TA

Immersion treatments

According to the results, the SSC/TA ratio of the khalals did 
not differ significantly in the three harvest times. The SSC/TA ratio 
during the first harvest was not affected by chemical treatments, 
while the effect of immersion treatments on the taste index of 
date fruit obtained from the second and third harvest of Khalals 
was significant. During the second harvest, control fruit had the 
highest ratio, which was not significantly different from natural 
date fruit, and the lowest ratio was related to acetic acid 1% and 
NaCl 1% treatments (Table 8). In the third harvest, the highest 
ratio of SSC/TA was found in the fruit obtained from immersion 
in NaCl 1% solution, and the lowest value was observed in control 
fruit and NaCl 2% (Table 8).

Freezing treatment

During the first and third harvest, the taste index of the 
fruit obtained from the freezing treatment showed a significant 
difference. In the first harvest, the SSC/TA ratio of fruit in freezing 
treatments was significantly lower than that of natural dates. No 
significant difference was observed among different freezing times 
(Table 9). In the third harvest, the 24-hour treatment showed the 
highest taste index, and the lowest value was observed in the 48- 
and 72-hour treatments. The value of the taste index in the 48 
and 72 hours of freezing treatments was lower than the natural 
‘Piarom’ date fruit (Table 9).

Reducing sugars percentage
Immersion treatments

According to the results, there was no significant variation 
among different harvest times regarding the percentage of 
reducing sugar. According to the results, in all three harvests, 
the reducing sugars percentage was not affected by immersion 
treatments (Table 10).

Freezing treatments

In all three harvests, significant variation was observed among 
the treatments in terms of the percentage of reducing sugar. In 
the first harvest, the percentage of reducing sugars in the fruit 
obtained from freezing was lower than that of natural dates, and 
the lowest was observed in the 72-hour treatment (Table 11).

In the second and third harvests, no significant variation 
was observed among the three different freezing times, and the 
amount of reducing sugars in the frozen fruit was lower than that 
of natural dates (Table 11).
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Table 10: Effect of acidic and saline solutions on reducing sugars percentage of tamar fruit.

Treatment
Reducing sugars (%)

First Harvest Second Harvest Third Harvest

Control 39.28 av 40.95 a 32.01 a

NaCl 1% 38.26 a 58.66 a 48.88 a

NaCl 2% 28.86 a 49.03 a 32.1 a

Acetic Acid 1% 31.42 a 41.9 a 50.84 a

Acetic Acid 2% 36.73 a 60.89 a 39.28 a

Natural Fruit 45.22 a 45.22 a 45.22 a

vValues of similar letters, within the same column, were not significantly different according to the Duncan’s multiple range test (P≤0.01).

Table 11: Effect of freezing on reducing sugars of fruit.

Treatment
Reducing sugars (%)

First Harvest Second Harvest Third Harvest

24 hours 38.3 abv 38 b 36.17 b

48 hours 41.13 ab 38 b 33.46 b

72 hours 31.76 b 36 b 34.68 b

Natural Fruit 44.59 a 44.59 a 44.59 a

vValues of similar letters, within the same column, were not significantly 
different according to the Duncan’s multiple range test (P≤0.01).

Conclusion

According to the results and observations, the immersion 
treatment in acetic acid solution was more effective in converting 
the khalals to rutab and the conversion rate than the NaCl solutions. 
Acetic acid 2% treatment resulted in the highest percentage of 
desirable rutab and tamar fruit, but the highest percentage of 
desirable rutab was related to the first harvest and the highest 
percentage of desirable tamar fruit in terms of appearance was 
related to the third harvest. The 72-hour freezing treatment 
showed the highest percentage of desirable dates in the third 
harvest of Khalals. The concentration of soluble solids in all three 
harvests in fruit obtained from immersion treatments was lower 
than natural dates. Since during the process of artificial ripening 
of ‘Piarom’ dates, the fruit sourness disorder also appeared, the 
acetic acid 2% treatment showed a taste index similar to natural 
dates during the first harvest. The moisture content of dates is one 
of the most effective and key factors in their storage. According 
to the observations, the percentage of moisture of chemical 
treatments in the first harvest was lower than the other two 
harvests and did not differ significantly from natural dates, but 
the fruit obtained from freezing treatments had higher moisture 
than natural dates. 

In general, according to the studies, the treatment of 
immersion in acetic acid 2% solution during the first harvest 
of khalal and storage at a temperature of 25°C and RH of 30% 
was more efficient to artificially ripening and waste reduction 

of khalals of commercial cultivar ‘Piarom’than other chemical 
and physical treatments. But the introduction of this treatment 
as an optimal treatment and its recommendation needs more 
investigations. According to the visual observations of the first 
phase of transformation (transformation of khalal to rutab), the 
results of immersion treatment in acetic acid 2% solution were 
promising, but the second phase of transformation needs to be 
studied and investigated more and to replace more effective 
conditions, because in this phase, the problem of sourness occurs 
and the fruit after this phase do not have a desirable and marketable 
appearance, or they do not have the necessary desirability in 
terms of texture. Regarding other cultivars, the studies in this field 
with these treatments have been successful and recommended, 
but there is still a need for investigation and research on cultivars 
such as ‘Piarom’. However, according to this study, acetic acid 2% 
treatment is more successful than other treatments, provided that 
it does not have a bad effect on the taste and aroma of the fruit.
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