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ABSTRACT

The current study aimed to investigate the effect of using ethyl formate in fumigating three varieties of
Iragi dates (Al-Zahdi hard, Al-Sayer semi-hard, and soft Baraben) on their chemical properties during
six months of storage at a temperature of 4 °C for the cultivar Al-Zuhdi and Al-Sayer and -18° C for the
cultivar Barben. The results showed that the treatment with ethyl formate did not affect the percentage
of total sugars, protein, fat, ash, tannins, and total phenols, which amounted to (67.37%, 0.34%, 0.2%,
1.27%, 0.001%, 48.00 pg/ml) respectively for the Zuhdi variety,and (67.97%, 0.40%, 0.3%, 1.15%,
0.001%, 71.82 pg/ml) respectively for the treated Al-Sayer variety, and (65.82%, 0.63%, 0.4% 1.10%,
0.01%, 47.50 pg/ml) respectively for the treated Baraben cultivar. No significant differences were
observed between the control and treatment samples for the same item. However, the percentage of
these components decreased during the storage period for all varieties, with an increase in the moisture
percentage for all studied varieties. In particular, the Baraben class as one of the soft varieties. The
moisture content reached 28.8% for the control sample after six months of storage, and adding ethyl
formate reduced the total acidity in the treatment samples relative to the control samples for each
variety, where the highest value of the total acidity of the Sayer control sample was 0.115%. The lowest
-value was for the Sayer treatment sample, 0.012%. The results showed no effect on the concentrations of
mineral elements as a result of treating date varieties with ethyl formate. The concentrations of vitamins
for the samples treated with ethyl formate were higher than the concentrations of vitamins for the control
samples and all the studied varieties during the storage period.
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INTRODUCTION within the ecosystems, useful in maintaining the

) ) ) fragile soil structure and reducing the risks of
The palm tree is considered the tree of life and desertification. The date palm is distributed
one of the oldest cultivated plants in throughout the Middle East and North Africa,
Mesopotamia, about 4,000 years ago. Palm trees the eastern and southern regions of Africa, the
are  plants that can withstand harsh Arabian Peninsula, Irag, and even in certain
environmental conditions such as high parts of Europe and the USA (33). The
temperatures, moisture, long dry periods, and cultivation of dates has increased significantly
high levels of salinity in the soil. It also over the past twenty years. Production doubled
withstands all seasonal fluctuations and, in in 1996, with about 5 million tons of dates
return, gives high nutritional value and long collected, while in 2016 - about 8.5 million tons
productive life of up to 100 years and multiple (28). Due to increased production and exports,

uses in addition to creating a good climate
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dates are now available worldwide and can be
an integral part of the daily diet (21).

Date fruit is a highly nutritious food rich in
carbohydrates, dietary fiber, proteins, minerals,
and vitamin B complex such as thiamin (B1),
riboflavin (B2), niacin (B3), pantothenic (B5),
pyridoxine (B6), and folate (B9). Carbohydrates
constitute 70% of date fruits, mainly in the form
of monosaccharides, including glucose and
fructose. The minerals in date fruits are calcium,
iron, magnesium, selenium, copper,
phosphorous, potassium, zinc, sulfur, cobalt,
fluorine, and manganese. Dates are highly
nutritious and may therefore confer many
potential health benefits (17). It is one of the
few nutritional sources that has been closely
related to the survival and well-being of humans
living in hot and dry environments. This plant is
mainly responsible for human settlement and
expansion in hot and arid parts of the world. It is
the most sustainable agricultural ecosystem in
harsh dry environments. Therefore, date fruits
occupy an important economic resource and
income and must be taken care of, especially
after harvesting (33), as well as paying attention
to educational methods and means in the field of
palm cultivation, production and processing of
dates, and dissemination of the results of
scientific research and agricultural technologies
(3). The dates found in different parts of the
world are consumed in the date stage for the dry
and semi-dry varieties. As for the soft varieties,
it is difficult to preserve and circulate at room
temperature, as low temperatures must be used
because dates are exposed to many pests and
diseases and many pathogenic fungal causes that
cause much damage to the fruit (1), making
them unfit for human consumption and
unacceptable for marketing.

However, at present, industries have moved
away from using chemical vaporizers of methyl
bromide for fumigation after harvest due to the
presence of restrictions regarding its use by the
Montreal International Protocol. Therefore,
some materials are used for fumigating dates,
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including methyl bromide and phosphine. In
addition, some pests have developed resistance
to phosphine; therefore, an effective, safe, and
immutable alternative to these phosphines is
highly recommended. One of these materials is
the use of ethyl formate, which is a fumigant
that has proven effective on a large number of
products against associated pests. Ethyl formate
is a suitable alternative to other fumigants. It
requires a short exposure time and is classified
as GRAS (generally recognized as safe). The
advantages of ethyl formate include the natural
presence in food, the rapid killing of insects
(within  2-4 hours), rapid decomposition of
residues in natural products, and low toxicity to
humans. It is considered a natural insecticide,
volatile antimicrobial compound, and a good
alternative to other fogging materials. This
study aimed to identify the effect of ethyl
formate on dates by treating three types of local
dates (Zuhdi, Al-Sayer, and Baraben) with ethyl
formate fumigation to maintain their quality. A
study of the effect of this substance on the
chemical properties of the treated varieties of
dates.

MATERIALS AND METHODS
1. Date samples collection

Three varieties of Iragi dates were obtained
from different local origins (Al-Zuhdi, Al-
Sayer, and Al-Barben) in the dates stage for the
2020 season, Al-Zuhdi (solid) from Baghdad
Governorate, Al-Sayer (semi-solid) from Dhi
Qar and Al-Barben (soft) from Anbar
Governorate. The dates were sorted, prepared,
and treated as follows:

2.5orting and cleaning

The dates were sorted manually, and the fruits
that were unsuitable for packing were excluded.
Then, general cleaning of the dates was carried
out to get rid of the dust stuck to the fruits and
eliminate impurities.

3.Selection of fumigant and fumigation
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Liquid ethyl formate was imported from Sigma
Aldrich Company, with a purity of 97% and a
volume of 500 ml for one package.

Ethyl formate liquid was used to evaporate the
dates, the percentage of use was 10 ml/kg, The
process of fumigating the dates was carried out
by spraying ethyl formate on the dates in a
special evaporator, which is a small, airtight
room and contains vacuums to draw the air and
leave the dates in the evaporator for two
hours.)2 (

5.Packing and storage

The treated and controlled varieties of dates
were packed in plastic ~ containers
(polyethylene), closed tightly, and the samples
were stored varieties (Al-Sayer and Al-Zuhdi)
refrigerated for six months at 4°C, while the
treated Barben was stored in the freezer at -
18°C.

6.Estimation of total carbohydrates.

The method proposed by (9) was followed in
preparing the sample for the determination of
total carbohydrates by weighing 100 mg of date
powder (Date samples were dried at 40°C) and
transferring it to a test tube fitted with a lid, then
adding to it 5 ml of hydrochloric acid solution at
a concentration of 2.5 N and mixing well with
an electric mixer and leaving it in a boiling
water bath for 2 - 3 hours. Cool the mixture to
room temperature, transfer the tube contents
into a volumetric flask, and fill the volume to
100 ml using distilled water. Then the solution
was centrifuged at a speed of 10000 xg for 10
minutes, sludge filtration was carried out using
No.1 Whatman filter paper, and the precipitate
was discarded. The total carbohydrates in the
clear filtrate were estimated according to the
method proposed by (28) by taking 0.1 ml of the
filtrate and adding to it 1 ml of the prepared
crystalline phenol solution at a concentration of
5% and mixing well with the electrolyzer, then
adding to the mixture 5 ml of sulfuric acid
solution at a concentration of 96% Mix well
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with the electric mixer. The tubes were left for
10 minutes, then transferred to a water bath at
30°C for 20 minutes, and the optical absorbance
of the solution was measured at a wavelength of
490 nm. Distilled water was used as a control
sample, Blank. The standard curve estimated the
amount of total carbohydrates in date powder.

7.Estimation of total reducing sugars

Total reducing sugars in the date powder extract
was estimated according to the method used by
(5) and suggested by (37) by taking 0.1 ml of
the extracted date powder solution (prepared at
a concentration of 0.5%) and transferring it to
suitable test tubes and completing the volume to
1 ml With distilled water, 1 ml of (3,5-DNSA)
reagent (which was prepared by dissolving 1 g
of 3.5-DNSA in 30 ml of distilled water away
from light) was added to it, then 30 g of
Rochelle salt was gradually added to it until
Complete dissolution, then 20 ml of 2 N sodium
hydroxide solution was added to it and left on
the mixer until complete dissolution, and kept in
an opaque glass bottle away from light after
completing the volume to 100 ml using distilled
water). Moreover, the tubes were mixed well on
the electric mixer. The tubes were transferred to
a water bath at a temperature of 100 °C for 5
minutes, then cooled in an ice bath to room
temperature, then 10 ml of distilled water was
added to each tube and mixed well with the
electrophoresis, and the optical absorption was
measured at a wavelength of 540 nm.

8.Protein

Micro Keljdahl's method was used to estimate
the percentage of protein in the samples based
on the method mentioned in (41).

9.Fats

The fat was estimated based on the method
described by (22).

10.Ash
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The percentage of ash was estimated based on
(22).

11. moisture

The moisture percentage was estimated
according to the previous method described by
(22)

12.Determination of the total
content:

phenolic

The total phenolic content of date extract was
determined according to the method described
by (26)

13.Estimation of tannins:
| followed the method given in (4).
14.Total acidity

Method described in (31) was used to estimate
the total acidity.

15.Estimation of metallic elements

The sample was analyzed in the laboratories of
the Department of Environment and Water /
Ministry of Science and Technology in order to
estimate the total minerals (Ca Mg, Fe, K, Cr,
Zn, Na) according to the method mentioned by
(42) wusing a flame atomic absorption
spectrometer (SHIMADZU Sample AA7000(.

16.Estimation of water-soluble vitamins

The examination was carried out in the Ministry
of Science and Technology - Department of
Environment and Water laboratories, using
high-performance  liquid  chromatography
technology, sample HPLC SYKAMN (Germany
of origin), which was used for analysis by
adding the detection of thiamethoxam. The
mobile phase was composed of acetonitrile:
distilled water: and formic acid in a ratio
(50:47:3) with a carrier phase flow rate of 1
ml/min. The column was ( C18-ODS 25 cm *
4.6 mm) and UV-215 reagent, nm
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17.Estimation of fat-soluble vitamins

The analysis was carried out using liquid
chromatography (HPLC) technology
(SYKAMN - Germany), the separation column
(C18 - ODS was 25 cm * 4.6 mm), and the
mobile phase was methanol-water (98:2, v/v).
The flow rate was the mobile phase 1.0 ml/min,
the injection volume was 50 pL, and the column
oven temperature was 35 °C. Detected using a
UV-vis detector at 265 nm.

RESULTS AND DISCUSSION
total sugars

Figure (1) shows the effect of treatment with
ethyl formate on the total sugar ratio of the three
treated varieties (Al-Zuhdi, Al-Sayer, and
Barben). We note no significant differences at
the probability level (P<0.05) during the storage
periods between the control and treatment
samples within the same variety. That is, the
treatment with ethyl formate did not affect the
percentage of total sugars. The results also
showed a decrease in the percentage of total
sugars in general during the storage period due
to the decomposition of sucrose along with the
enzymatic activity (13). The results showed
significant differences between the three
varieties during the storage periods, as we found
the highest value of the percentage of the total
sugar in the pre-storage period was for the
control sample for the Al-Sayer variety. Which
amounted to 70.4%, while the lowest value for
the percentage of total sugars for the treatment
sample for the Barben variety, which amounted
to 63.0%, and these results were less than the
results reached by (24) for the dates of the
Kingdom of Saudi Arabia. The values of total
sugars reached 71-81 g / 100 g and less. Also,
the results of (27) for Iranian dates were 84.51
to 96.28 g / 100 g for total sugars. As for the
three-month storage period, the highest value of
the percentage of the total sugar for the control
sample for the Al-Sayer variety was also 72.3%,
while the lowest value for the treatment sample
for the Barben variety was 62.1%, and this is
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due to the different varieties and the different
areas of cultivation of these varieties. While in
the six-month storage period, there are no

varieties. The difference between physical,
chemical, and nutritional treatments can be
attributed mainly to the difference between

significant differences between the three varieties (8).
percentage of Total sugars%
72.3 71.8
684 4778 683 6773 e e 683887 97
1657 65.4 66" &5.5 POl
Zuhdi's control Zuhdi's Barben's Barben's Sayre's control Sayer's
treatement control treatment treatment
i before storage H three months i six months
LSD 5.92* 5.88* 3.79 NS

Figure 1. Effect of ethyl formate and storage period on total sugars perce ntage for some date

varieties.

Monosaccharides

Figure (2) shows the effect of ethyl formate
treatment and storage period on the percentage
of monosaccharides. There were significant
differences at the probability level (P<0.05)
among the three varieties during the storage
periods. In the pre-storage period, we found the
highest value of monosaccharides was for the
Sayer control sample. The value was 65.0%. At
the same time, the lowest value for the Barben
treatment sample was 44.59%. The results of
this study were higher than the values

mentioned by Thouri et al.,(38) for reducing
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sugars, ranging from 24.37 to 34.66%. parvin et
al., (38) analyzed three cultivars of dates grown
in Bangladesh, and the percentage of reducing
sugars was 42 - 48%. Over three-month storage
period, the highest value of monosaccharides for
the Sayer treatment sample was 64.28%, while
the lowest value was for the Barbin control
sample and the Zuhdi treatment sample, where
the wvalues were 44.43% and 44.82%,
respectively. As for the storage period of six
months, there were no significant differences
between the Al-Sayer variety and the Barben
variety, but there were significant differences
between these two varieties and the Al-Zuhdi
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variety. Figure (2) shows there were significant
differences for the same treatment within the
storage and pre-stocking periods, where the
Barben control sample showed an increase in
the percentage of monosaccharides from
50.84% to reach 65.01% in the period after six
months of storage. As well as the Barben
treatment sample, it has been noticed an
increase in the proportion of monosaccharides
from 44.59% in the pre-storage period to
60.13% after six months of storage. As for the
Sayer treatment sample, the proportion of
monosaccharides, increased from 53.18% in the
pre-storage period to 64.28% after three months
of storage. The value rises to 65.18% after six
months of storage, and the reason for this is due

to the decomposition of sucrose up on the
enzymatic activity in the date fruit, and this is
consistent with studies of Al-Mashhadi et al.,
Alhamdan et al., (18, 13). While no significant
differences noticed within the samples of Zuhdi
control and Zuhdi treatment within the storage
periods. The conversion of disaccharides to
monosaccharides in dry dates is slow. It is clear
from the results that there are no significant
differences between the value of the control
sample and the treatment sample for the same
variety, except for the Barben in the pre-storage
period and the three months of storage and the
Al-Sayer variety in the pre-storage period only.
ethyl formate treatment had no significant effect
on the percentage of monosaccharides

percentage of monosccharides%

65.01

55.5

48.77
48.5 45.37

44.82 453

S

60.13

65.18

65 62.76 62.51 64.28

Zuhdi's
treatement

Barben's
treatment

Barben's
control

Zuhdi's control

Sayer's
treatment

Sayre's control

i six months
7.18*

# three months
6.53*

i before storage

LSD 6.02*

Figure 2. Effect of treatment with ethyl formate and storage periods on the percentage of
monosaccharides for varieties of dates.
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Protein ratio

Figure (3) shows the effect of the treatment with
ethyl formate and the storage period on the
percentage of protein for the three date varieties
(Zuhdi, Al-Sayer, and Baraben). Before storage
and a period of three months and six months of
storage. there were no effect of treating with
ethyl formate on the percentage of protein,
however there were a decrease in the percentage
of protein within the treatment during storage
periods. there were significant differences at the
level of probability (P<0.05) among the three-
date cultivars during the storage periods. The
highest value was in the pre-storage period for
the Sayer treatment sample, and the percentage

percentage of Protein %

28
N 2.1 _
1.3

0.3 0.34

of protein was 3.9%, while the lowest value was
for the Barben control sample, which amounted
2.1%. As for the three months of storage, the
highest protein percentage for the Sayer
treatment sample was 1.5%. The lowest
percentage of protein for the Baraben control

sample was 0.7%. These results can be
attributed to differences in the variety,
environmental conditions, analysis methods

(27), or different varieties. Attaha et al., (15)
studied 17 types of Iraqi dates they found a
change in the protein content. As for six months
of storage, no significant differences were
observed among the varieties. As dates do not
contain a high percentage of protein, they
contain more than other fruits.

3.9
3.4 -

1.2

0.45 0.4

Zuhdi's
treatement

Barben's
control

Zuhdi's control

i before storage

LSD 0.822* 0.796*

H three months

Barben's
treatment

Sayre's control Sayer's

treatment

i six months

0.533NS

Figure 3. Effect of treatment ethyl formate during storage periods on the percentage of protein for

date
Fat percentage

The results in Figure (4) show the effect of ethyl
formate treatment on the fat percentage in the
three date cultivars (Zuhdi, Al-Sayer, and
Barben) during the storage periods. We note
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cultivars.

significant differences between the cultivars in
fat percentage value at the probability level
(P<0.05) during the storage and pre-store
periods. We find that in the pre-storage period,
the highest value of the percentage of fat was
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for the Sayer treatment sample and the Zuhdi
treatment sample. The value was 0.9% for both
samples. While the lowest value of the fat
percentage in this period for the control sample
was Zuhdi, and the value was 0.4%. These
results were higher than the results obtained
(27) for the cultivars that were analyzed. The fat
percentage ranged between 0.037 - 0.113% and
less than the results of (14) for the Omani date
varieties. We find in this period before storage
that there are significant differences between the
treatment sample and the control sample for the
Zuhdi variety only, where the value of the
control sample for the Zuhdi variety was 0.4%,
and the value of the treatment sample for the
Zuhdi variety was 0.9%. As for the three-month
storage period, we find the highest value of the
Sayer treatment sample, which amounted to
0.7%, and The lowest value of the control

sample was Zuhdi, which amounted to 0.2%. At
the same time, we do not find any significant
differences between the treatment and control
samples for the same category.

In the six-month storage period, the highest
value of the percentage of fat for the Barben
control sample was 0.6%, the lowest value was
for the ascetic treatment sample and the ascetic
control sample, and the value was 0.2% for both
samples. In this storage period, there are no
significant differences between the control
sample and the sample treated with ethyl
formate for the same variety. That is ethyl
formate treatment's effect on fat percentage.
Through the results, we note a decrease in the
percentage of fat during storage periods. In
general, dates are a fruit with a low percentage
of fat content.

percentage of Fat %

Zuhdi's control Zuhdi's
treatment control

Barben's Barben's  Sayer's control Sayer's

treatment treatment

H before storage H three months i six months

LSD 0.305* 0.381* 0.366*

Figure 4. Effect of treatment with ethyl formate and storage periods on the fat percentage of date
cultivars.

Ash ratio percentage of ash for date varieties (Zuhdi, Al-
Sayer, and Barben) during the storage and pre-

It is clear from the results in Figure (5) the storage periods, where we find significant

effect of ethyl formate treatment on the
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differences among the varieties for the ash
percentages at the probability level (P<0.05) in
the pre-storage period only. The highest value of
the treatment sample was Zuhdi, which
amounted to 1.64%, and the lowest value was
for the Sayer control sample, which amounted to
0.98%, and these percentages were close To the
percentages obtained by djaoudene et al., (26),
which amounted to 1.25-1.99%. After three and
six months of storage, the results showed no
significant  differences between the date

percentage of ash %

varieties during each period. Also, we did not
find any significant differences between the
values of the single sample during the storage
periods, and the results in Figure (5) did not
show any significant differences between the
values of the control sample and the values of
the treatment sample for each of the items used
during the storage periods. That is, ethyl
formate treatment has no effect on the
percentage of ash for date varieties.

Zuhdi's
treatment

Barben's
control

Zuhdi's control

i before storage

LSD  0.502* 0.377 NS

i three months

Barben's
treatment

Sayer's control

Sayer's
treatment

i six months
0.341 NS

Figure 5. Effect of adding ethyl formate during storage periods on the percentage of ash for date

cultivars.
Moisture content

Figure (6) represent the effect of treatment with
ethyl formate on the varieties of dates (Zuhdi,
Al-Sayer, and Barben) during the storage
periods on the percentage of moisture, where we
find a high percentage of moisture in general for
all varieties during the storage periods. The
Barben variety sample, which is considered one
of the soft dates, had the highest value of
moisture percentage in the pre-storage period
for the control sample and the treatment sample,
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which  amounted to 19.4% and 20.4%,
respectively, followed by the Al-Sayer cultivar
samples, as it is one of the semi-dry dates,
where the moisture percentage of the control
sample was 15.9 % and for the treatment sample
16.9%. The samples of the Al-Zuhdi cultivar
had the lowest moisture because it is considered
one of the dry cultivars, where the moisture
ratio of the control sample was 13.1%, while the
moisture ratio of the treatment sample was
14.9%. No significant differences were
observed among the percentages of moisture
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between the control sample and the sample
Treatment of the same variety during storage
periods, except for the Barben variety. After six
months of storage, significant differences
appeared at the level of probability (P<0.05)
between the control sample, which amounted to
28.8%, and the treatment sample, which
amounted to 22.9%. The increase in the

percentage of moisture %

28.8
23.7]
19.4

23.5

19.2
149 151

18.4
16.1

131 |

Zuhdi's
treatment

Barben's
control

Zuhdi's control

& three months
5.71%

E before storage

LSD 4.85*

204, 229

Barben's
treatment

Sayer's control

moisture content during storage may be because
the moisture levels in the fruit remain more or
less stable under low-temperature storage.
However, prolonged storage often produces low
moisture content (7). However, in the current
study, a significant increase in moisture content
was observed in all cultivars, and these results
are consistent with the results of (10).

20.5 20-8
15.9

20.1
169 16.1

Sayer's
treatment

il six months

5.47*

Figure 6. Effect of treatment with ethyl formate and storage periods on the moisture percentage

for
Total phenol concentration

The results in Figure (7) show the effect of ethyl
formate treatment and storage periods on the
concentration of total phenols of date cultivars
(Zuhdi, Al-Sayer, and Barben). The results
show that there are significant differences at the
probability level (P<0.05) among the three
varieties during each storage period, where we
find the highest concentration of total phenols in
the pre-storage period for the Sayer control
sample at 116.02 npg/ml and the Ilowest
concentration of total phenols for the control
sample Zuhdi 73.00 pg /Ml Also, we find

date
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varieties.

significant differences between the control and
treatment samples for each variety in the pre-
storage period. However, in the three months of
storage, we find that the highest value of the
Barben control sample is 76.00 pg/ml and the
lowest value of the total phenol concentration
for the Barben treatment sample is 41.39 pg/mi
as well as the presence of significant differences
between the control sample and the treatment
sample for the two varieties of Barben and Al-
Zuhdi. Because Barben is a soft variety, the
moisture content increases during storage, while
the percentage of soluble solids decreases.. As
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for the Al-Sayer variety, there were no
significant differences between the control
sample and the treatment. After the six months
of storage, the highest value of the total phenol
concentration for the Sayer treatment sample
was 71.82 pg/ml and the lowest value for the
control sample. Sayer, which amounted to 41.33
pg/ml, and there were no significant differences
between the control sample and the treatment
sample for the Zuhdi and Barben variety only,
the Sayer variety. In general, we find a decrease
in the concentration of total phenols for each

sample during storage periods and significant
differences between the wvalues of the
concentration of total phenols for each sample
during storage periods. It may return. These
differences in the concentration of total phenols
between cultivars are due to different cultivars,
genetic factors, climatic conditions, irrigation
methods, cultivation conditions, and fruit
picking stage, in addition to an increase in the
enzymatic activity of polyphenol oxidase
enzymes that oxidize phenolic compounds and
convert them to other compounds (12,13).

concentration of total phenols pg/ml

115.04
100.1 w

Barben's
control

Zuhdi's
treatment

Zuhdi's control

@ three months
12.68*

H before storage
LSD 15.73*

Barben's
treatment

Sayer's control

116.02

= 101.87

71 71.82

Sayer's
treatment

i six months

11.87*

Figure 7. Effect of treatment with ethyl formate and storage periods on the concentration of total

phenols of
Total tannins

Figure (8) show the effect of ethyl formate
treatment and storage period on the percentage
of tannins for date varieties (Zuhdi, Baraben,
and Al-Sayer). Has been noticed a decrease in
the percentage of total tannins for all types.
Tannins are water-soluble polyphenols. The
tannin material is deposited in the large cells,
which converts it from the soluble state to the
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date cultivars

insoluble state (4). These results agreed with the
results of (10), where it was found that the
tannins content in dates decreased during 12
months of cold storage. The reason may be a
non-enzymatic activity (19 ,6). It is noted from
the Figure that there were no significant
differences between the values of the control
sample and the values of the treatment sample
for each of the varieties. during storage periods,
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that is, adding ethyl formate to the tannin

percentage of tannins %

0.008 0.008 0.008

0.005 (.05

002 0.002

001 001 g 001

0

Barben's
control

Zuhdi's
treatment

Zuhdi's control

i before storage

LSD 0.0053* 0.0031*

Barben's
treatment

H three months

percentage is not affected.

0.001

0.001 0-009.0010‘0001001

0

Sayer's control

Sayer's
treatment

i six months

0.002 NS

Figure 8. Effect of ethyl formate treatment and storage periods on the percentage of tannins for

date
Total acidity

Figure (9) shows the effect of ethyl formate
treatment and storage period on the percentage
of total acidity of the varieties (Zuhdi, Al-Sayer,
and Barben). Significant differences were found
among the cultivar samples during each storage
period at the probability level (P<0.05). In the
pre-storage period, the highest value of the total
acidity percentage of the Sayer control sample
was 0.064%. The lowest value was for the Sayer
treatment sample, 0.012%. As for the three
months of storage, we find the highest value of
the percentage of total acidity of the Sayer
control sample, which amounted to 0.115%.
While the lowest value was for the Barben
treatment sample, which amounted to 0.038%,
the highest value was in the six-month storage
period for the Zuhdi control sample, which
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cultivars

amounted to 0.089%, and the lowest value for
the percentage of total acidity was for the
barben treatment sample, and the value was
0.038%. Djaoudene et al., (26) reported the
acidity values were 0.16% - 0.33% and close to
the results obtained by (34), which amounted to
0.03 to 0.14 g of malic acid / 100 g of dry
weight. Through the results in Figure (9), it has
been noticed that there were significant
differences between the control samples and the
treatment samples for each variety during the
storage periods, meaning that the treating with
ethyl formate reduced the total acidity in the
treatment samples relative to the control
samples for each variety. However, there were
no significant differences among the values of
acidity percentages. Total for each sample
during storage periods.
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Figure 9. Effect of treatment with ethyl formate and storage periods on the percentage of total
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Estimation of metallic elements

Table (1) shows the concentration of mineral
elements in three varieties of date palm (Zuhdi,
Barben, and Al-Sayer) using an atomic
absorption  flame  device, where the
concentration of seven mineral elements was
diagnosed and estimated, namely (K, Cr, Ca,
Na, Mg, Zn, Fe The results in Table (1) in the
pre-storage period showed that there were
significant differences between the values of
mineral element concentrations for the three
studied varieties at the probability level
(P<0.05). We found the highest concentration of
metallic elements (K, Cr, Ca, Na, Mg, Zn, Fe)
for the Sayer treatment sample, which amounted
to (84.9, 8.6, 7.9, 7.1, 178.9, 1.73, 152.3 ppm,
respectively, and it was the lowest value for the
concentrations of metallic elements (K, Cr, Ca,
Na, Mg, Zn, Fe) for the Zuhdi control sample,
which reached (68.9, 4.1, 3.5, 3.6, 136.5, 0.5,
98.6) ppm, respectively. We note from the

117

date cultivars

results that there are no significant differences
among the wvalues of mineral element
concentrations for the control sample and the
treatment sample for the same variety. That is,
the treatment with ethyl formate did not affect
the concentrations of metallic elements.
Moreover, we notice, after three months of
storage, that there are significant differences at
the probability level (P<0.05) between the
values of the concentrations of mineral elements
for the three varieties (Zuhdi, Barben, and Al-
Sayer), where we find the highest value of the
concentrations of metallic elements (K, Cr, Ca,
Na, Mg, Zn, Fe) for the Sayer treatment sample,
which amounted to (68.9, 4.2, 4.0, 3.5, 104.5,
0.51, 84.9) PPM, respectively, while it was less
A value for the concentrations of mineral
elements (K, Cr, Ca, Na, Mg, Zn, Fe) for the
Barben control sample and the values were
(50.8, 2.3, 2.2, 1.7, 81.4, 0.25, 62.8) PPM,
respectively. It was found through the results
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that there were no significant differences
between the values of the concentrations of
mineral elements for the control sample and the
treatment sample for the same variety, meaning
that the treatment with ethyl formate did not
affect the concentrations of mineral elements.
The results showed, after six months of storage,
that there were significant differences at the
probability level (P<0.05) between the values of
the mineral element concentrations of the three
types (Zuhdi, Barben, and Al-Sayer), where we
find the highest value for the concentrations of
mineral elements (K, Cr, Ca, Na, Mg, Zn, Fe)
for the Sayer treatment sample, where the
concentrations reached (60.5, 3.4, 3.4, 3.0, 99.5,
0.41, 78.5) ppm, respectively, while the lowest
value was for the concentrations of metallic
elements (K, Cr, Ca, Na, Mg, Zn), Fe) for the
Barben control sample and the concentrations
were (51.8, 1.8, 1.7, 1.2, 77.1, 0.20, 57.8) PPM
respectively. The results also showed that there
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were no significant differences between the
values of the concentrations of the seven
metallic elements mentioned for the control
samples and the treatment samples for the same
class, i.e., there is no effect on the
concentrations of mineral elements as a result of
treating date varieties (Zuhdi, Barben, and Al-
Sayer) with ethyl formate. The results showed a
decrease in the concentrations of mineral
elements as the storage period progressed from
three months to six months. The results showed
that the best concentrations were generally
during the mentioned storage periods. It had Ca,
K, and Fe elements, followed by Zn, Mn, and
Na elements, while it was the lowest b for the
element Cr, and these results agree with what he
mentioned by (24 ,19), as well as agree with the
results of (11, 16 ,34). The concentration of
minerals in date fruits as affected by soil
fertility, diversity, and maturity stage (36).
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Table 1. Effect of ethyl formate treatment and storage periods on the concentration of mineral
elements in the studied varieties. (concentration ppm)

Mineral element analysis values before storage

Fe Zn Mg Na Ca Cr K Sample code

68.9 4.1 3.5 3.6 136.5 0.58 98.6 Zuhdi's control
69.4 5.6 4.2 4.4 144.5 0.63 1135 Zuhdi's treatment
74.6 4.6 4.7 4.5 154.8 1.58 120.8 Barben's control
76.8 7.4 53 6.0 164.8 1.64 129.9 Barben's treatment
81.5 5.0 6.2 5.6 162.3 1.66 147.9 Sayer's control
84.9 8.6 7.9 7.1 178.9 1.73 152.3 Sayer's treatment

7.75* 190* 1.69* 185* 21.94* 0.804* 18.70* |LSD value

Evaluation of metallic element analysis after three months of storage

Fe Zn Mg Na Ca Cr K Sample code

54.8 3.1 2.7 2.4 92.7 0.41 79.2 Zuhdi's control
62.5 3.5 3.6 2.8 96.5 0.45 84.1 Zuhdi's treatment
58.9 3.7 3.4 2.9 97.5 0.44 81.4 Sayer's control
68.9 4.2 4.0 3.5 104.5 0.51 84.9 Sayer's treatment
50.8 2.3 2.2 1.7 814 0.25 62.8 Barben's control
524 2.5 2.8 2.4 85.4 0.28 65.4 Barben's treatment

8.276 * 0.804* 0.791* 0.890* 895* 0.161* 7.03* |LSD value

Evaluation of mineral analysis after six months of sorting

Fe Zn Mg Na Ca Cr K Sample code

47.9 24 2.0 2.0 88.7 0.35 75.4 Zuhdi's control
50.1 3.0 3.0 2.2 91.4 0.30 76.8 Zuhdi's treatment
56.4 3.5 3.0 2.3 90.8 0.36 80.8 Sayer's control
60.5 3.4 3.4 3.0 99.5 0.41 78.5 Sayer's treatment
51.8 1.8 1.7 1.2 77.1 0.20 57.8 Barben's control
54.9 2.0 2.0 2.0 80.2 0.21 60.9 Barben's treatment

6.924* 0.729* 0.706* 0.855* 8.391* 0.152* 6.833* | LSD value
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Vitamin rating

Table (2) shows the values of vitamins
estimation in ppm units in the extracts of three
varieties of dates (Zuhdi, Barben, and Al-Sayer)
when separation and diagnosis were made using
HPLC high-performance liquid chromatography
in the presence of standard vitamins and by
analyzing the extracts of three varieties of dates
(Zuhdi, Baraben, and Al-Sayer). The vitamins
B1, B2, B5, C, A, and Folic acid are present in
all the varieties under study, and it is noted
through the results that the retention time of the
standard vitamins is similar to their content in
the three classes, and this is consistent with the
results (11). Table (2) shows the effect of
treatment with ethyl formate on the
concentrations of these vitamins in the studied
varieties and during the pre-storage periods and
the three- and six-month storage period. (23) As
well as the presence of significant differences
between the values of vitamin concentrations for
the treatment samples and the control samples
for the same variety at the probability level (P<
0.05). Sayer, which amounted to 68.29 ppm,
while the highest concentration of vitamins A,
B1, and B2 was for the Zuhdi treatment sample
and amounted to (477.38, 258.70, 133.16) ppm,
respectively, and the lowest concentration of
these three vitamins was for the Sayer control
sample. It amounted to) 91.66, 75.80, 34.30. As
for vitamin B5, the highest concentration was
for the Barben treatment sample, which
amounted to 2.669.18 ppm, and the lowest
concentration for the Zuhdi control sample was
314.25 ppm. In comparison, the highest
concentration of vitamin Folic acid for the
Zuhdi treatment sample was 692.70 ppm, and
the lowest concentration for the Sayer control
sample was 106.90 ppm. After three months of
storing the studied varieties and treatment, we
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noticed a general decrease in the concentrations
of vitamins. However, the concentrations of
vitamins for the treatment samples were higher
than the concentrations of vitamins for the
control samples and for all varieties studied,
where the highest concentration of vitamins 1B,
B2, B5, vitamin C, vitamin A, and Folic acid
was for the Sayer treatment sample, where the
concentrations were (7.308, 6.354, 28.903,
9.511, 10.174, 20.983) ppm, respectively, while
the lowest concentration of these vitamins was
For the Barben control sample, the
concentrations were (0.934, 0.258, 1.077, 1.386,
1.677, 0.848) ppm, respectively. The results in
Table (2) show that after six months of storage
for the studied varieties and treatment, we find
that the concentrations of vitamins also
decreased, but with a small difference from the
three  months. Respectively, the lowest
concentration of these vitamins was for the
Barben control sample, where the concentration
was (0.942, 1.829) ppm, respectively. As for
vitamins B2, B5, and Folic acid, the highest
concentration for the treatment sample was
(2.905, 17.697, 11.630) ppm, respectively, and
less The concentration of these vitamins was for
the Barben control sample, which amounted to
(0, 5.411, 1.879) PPM, respectively, where we
notice that there is no concentration of vitamin
B2 for the Barben control sample after six
months of storage. As for the concentration of
vitamin B2, the highest concentration of the
Sayer treatment sample was 3.821 parts. The
lowest concentration was for the Barben control
sample, which amounted to 2.039 PPM. The
best concentrations of vitamins Bl, B2, B5,
vitamin A, and Folic acid and the lowest
concentration of vitamin C were in dates, which
is consistent with what | mentioned US
Department of Agriculture USDA (40).
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Table 2. Effect of treatment with ethyl formate and storage periods on the concentration of
vitamins in the studied varieties (concentration PPM)

The concentration of vitamins before storage

Vit_ Vit B5 Vit B, Vit B; Vit A Vit C Sample code
gi)lll.cﬂ 314.25 71.720 77.982 299.54 152.34 Zuhdi control
692.70 1041.95 133.16 258.70 477.38 211.45 Zuhdi'streatement
339.24 639.36 89.43 154.20 126.81 70.43 Barben control
666.62 2,669.18 111.39 211.60 341.99 161.13 Barben'streatment
106.90 12730 34.30 75.80 91.66 68.26 Sayre's control
485.97 908.37 129.77 179.82 455.49 278.53 Sayer's treatment
196.37 * 238.15* 39.02 * 47.95 * 52.61 * 16.73 * LSD value

The concentration of vitamins after three months of storing

Vit_ VitB5 VitB, VitB, Vit A VitC Sample code
Z(?LISI?% 11.235 2.102 3.164 4.179 4.609 Zuhdi's control
11.461 27.207 4.709 5.122 7.471 8.011 Zuhdi's treatment
0.848 1.077 0.258 0.934 1.677 1.386 Barben's control
3.443 4.770 2.187 1.3526 2.444 2.080 Barben treatment
8.340 15.968 4.304 3.587 6.502 6.825 Sayer's control
20.983 28.903 6.354 7.308 10.174 9.511 Sayer's treatment
5.03* 472 * 1.86 * 219 * 3.07 * 261* LSD value

The concentration of vitamins after six months of storing

Vit_ VitB5 VitB, VitB; Vit A Vit C Sample code
g%“?% 13.629 2.151 3.697 7.162 5.675 Zuhdi's control
11.630  17.697 2.905 3.684 7.051 5.503 Zuhdi's treatment
1.879 5411 0 2.039 1.829 0.942 Barben's control
7.586 8.706 1.132 2.370 2.939 1.867 Barben'streatment
6.703 11.847 1.880 3.68 5.387 4.302 Sayer's control
8.301 16.017 1.623 3.821 5.670 4.304 Sayer's treatment
3.63* 4.27 * 0.955 * 1.27* 1.88* 217 * LSD value
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