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Abstract

Date palm fruit development involves several stages, including Habauk,
Kimri, Khalal, Rutab, and Tamer stages, characterized by intricate
biochemical alterations that lead to the accumulation of various metabolites.
The objective of this study was to quantify and statistically evaluate the
linearity of nutritional compounds, acidity levels, water content, dry matter,
secondary metabolites, and antioxidant activity capacity across the fruit
development and maturation stages of two date palm cultivars, Deglet Nour
and Degla Beida. Fruits were collected from ten palm trees per cultivar at
each growth stage, cleaned, sliced, dried, and powdered. The acidity level
was assessed using the Marx met+++hod, while water content and dry matter
were determined through a drying method. The carbohydrates, proteins,
and fats that constitute the nutritional components were quantified using
established techniques. The extraction yield of secondary metabolites was
calct++++ulated using date powder. The water content, PH, carbohydrate,
protein, fat content, extraction yield, total Phenol, and total flavonoid content
displayed dynamic patterns described by second-order polynomials. The
maximum local values for water content, PH, and carbohydrate were
observed in both varieties, while the maximum local value for total Phenol
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was found exclusively in Deglet Nour. Conversely, the minimum local values
for protein content, fat content, total flavonoid content, and extraction yield
were observed in both varieties. Notably, the minimum local value for total
Phenol content was observed only in Degla Beida. For both varieties, the
dry matter and antioxidant activity exhibited quadratic dynamics. However,
the dry matter showed a positive increasing trend, while the antioxidant
activity exhibited a change in the opposite direction.

Introduction

Humans utilize various plants as food sources at
different stages of their fruit development, including
peppers, cucumbers, and dates. The characteristics
of these fruits, such as color, taste, aroma, and
firmness, vary throughout their development
stages. Numerous studies have indicated that fruits
display both qualitative and quantitative differences
in their chemical composition during ripening.'?
These variations are influenced by genetic factors,
agricultural practices, climatic conditions, and
storage methods.3-® The date palm, classified under
the family Arecaceae (Palmaceae), is commonly
cultivated in regions such as North Africa, the
Middle East, and South Asia.® The fruit of the date
palm, known as dates, has served as an important
food source and a means of wealth in the deserts
of North Africa and the Middle East for centuries.”
Dates are an excellent source of carbohydrates,
dietary fiber, vitamins, minerals, and protein.2® To
ripen properly on the palm, dates require hot and dry
weather conditions.’® Due to their nutritional value
and sweet taste, dates are widely consumed as a
snack and are used in various culinary preparations
around the world.

Date palm fruit undergoes several stages of
development before it reaches its ripening stage."
These stages involve intricate biochemical reactions
that result in the accumulation of various metabolites,
including sugars, organic acids, and Phenolic
compounds. These metabolites are responsible for
the fruit's distinctive flavor, aroma, and nutritional
properties.'?

The earliest stage of the development of date fruit
is referred to as the Habauk stage, during which the
fruitis small, hard, and green, and has a bitter taste.
Subsequently, the fruit advances to the Kimri stage,
where it becomes larger, softer, and begins to turn
yellow. The Khalal stage follows, during which the

fruit continues to ripen, becoming even larger, juicier,
and sweeter. At the Rutab stage, the fruit reaches its
peak for consumption, having attained its maximum
size and being fully ripe, soft, and sweet. Finally, the
fruit reaches the Tamer stage, where it has dried out
and is no longer suitable for fresh consumption.'

Throughout the development of fruits, several
biochemical changes occur that result in the
accumulation of sugars, organic acids, and Phenolic
compounds. Among the primary sugars found in
dates are glucose, fructose, and sucrose, with
glucose and fructose being the most abundant in
ripe dates. Unripe dates derive their sour taste from
organic acids such as citric, malic, and succinic
acid,” although their levels decrease as the fruit
ripens. Dates also contain Phenolic compounds,
including flavonoids and tannins, which possess
antioxidant properties and offer potential health
benefits.™

The factors influencing the chemical transformations
that occur during the formation stages of dates
include genetics, environmental conditions, and
agricultural practices.® This study aims to estimate
and statistically test the linearity of the dynamics of
nutritional compounds, acidity levels, water content,
dry matter, secondary metabolites, and antioxidant
activity capacity across the fruit development and
maturity stages.

Materials and methods

Plant Material

The plant material used is the fruit of the date palm
of the Deglet Nour and Degla Beida cultivars. Deglet
Nour is a cultivar of date fruit that is known for its
sweet and succulent taste, earning it the nickname
"the queen of all dates"."it is a semi-dry type of
date with slightly flaky skin and it is one of the most
commercially important and widely planted date
palm, originating in Algeria in the 1600s.'%""



MESSAQUDI et al., Curr. Res. Nutr Food Sci Jour., Vol. 12(3) 1154-1171 (2024)

Degla Beida is another cultivar of date palm tree
that is grown in North Africa and the Middle East.®
It is a cultivar of date fruit that is dry and the least
extensively planted. It is also one of the cultivars
that grow in Algeria.

Collection and Preparation of Date Samples

In this study, we selected two cultivars of local
dates, Deglet Nour and Degla Beida. We chose 10
palms of each cultivar that were as homogeneous
as possible in terms of age, height, and vegetative
growth. We harvested the fruits using modern and
sound collection methods, such as scissors and
paper bags. At each stage, we collected 60 fruits,
6 from each of the 10 palms of each cultivar and
divided them into three groups."

After the sampling process, each time we cleaned
the fruits with wet wipes. Then, we removed the
cones and cores separately and cut the fleshy part
of the fruits into very thin slices, we spread the
slices on a piece of gauze with continuous stirring
and dried them in a dark room. Next, we ground the
dried slices automatically using an electric device
and sifted the resulting powder to homogenize the
granules of the dry matter of the fruits. Finally, we
placed the powder in sealed glass containers until
the necessary analyses were carried out.

Estimate Studied Chemical Properties

Acidity Level (PH)

The acidity level is estimated using the Marx method
(1999)."

Water Content (WC) and Dry Matter (DM) Estimate
Dry material ratio and Water content was estimated
using a drying method,?® in which the fresh plant
material was dried in an incubator at 60 °C. After
every 24 hours, the plant material is weighed until
the weight is stable. These contents calculated using
the following equations:

DM(%)=(weight dry)/(weight fresh )x100
WC (%)=(weight fresh-weight dry)/(weight fresh)x100

The Nutritional Compounds

The nutritional compounds in the fruits were estimated
by extracting (protein, fats and carbohydrates) using
a method of Shibko,?' from the date fruit powder,
and then the carbohydrates were determined
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according to the method,?? while proteins were
estimated according to the method,?® Whereas, fats
were estimated according to the modification of the
Goldsworthy meathod.?*

The Secondary Metabolites

The secondary metabolites were estimated
according to a specific method using date powder.?®
The yield of extraction operations was calculated
according to the following equation:

Yield (%)= (Mass in grams of the evaporated
extract)/(Mass in grams of the initial dry plant
material)x100

The total content of phenols was estimated
according to many steps,?® and the total content of
flavonoids was also estimated according to steps
using the Folin-Ciocalteu and the aluminum chloride
colorimetric methods, respectively.?”

Antioxidant Activity DPPH

The DPPH radical scavenging activity of the extracts
was determined using the DPPH test.?® DPPH
absorbs at 517 nanometers in its radical form,
but its absorption decreases upon reduction by
antioxidants or radical species. To conduct the test,
a 0.1 mmol L-1 solution of DPPH in methanol was
prepared, and 4 mL of this solution was mixed with
1 mL of the samples dissolved in methanol at
different concentrations. After 30 minutes, the
absorbance was measured at 517 nanometers.
A decrease in absorbance in the reaction mixture
indicates higher activity in scavenging free radicals.
The antioxidant capacity to scavenge DPPH radicals
was calculated using the following equation:

Antioxidant activity(%)=[(Control reaction
absorbance - Testing specimen absorbance )/
(Control reaction absorbance)]x100

The sample concentration providing 50% free radical
scavenging activity (IC50) was determined from
the graph of DPPH scavenging effect percentage
against sample concentration. Vitamin C was used
as an antioxidant standard for activity comparison.

Statistical Models and Methods

To track the dynamics of chemical properties during
growth stages, we utilized regression analysis to
estimate the dynamic parameters.?® To handle
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potential non-normal distributions resulting from small
sample sizes across study groups, we employed the
generalized linear model with the Newton-Raphson
method.** This approach allowed us to estimate and
test the regression function parameters effectively.
We utilized the Akaike Information Criterion to
determine the most suitable regression model and
its corresponding independent variables for each
chemical property. Our objective was to select
the model from several alternative models with
the lowest criterion value,®' ensuring the best fit.
For each chemical property's regression function
there were alternative models, in each one we
considered several potential independent variables:
stage, cultivar, and their interaction (stage*cultivar)
expressed as a polynomial function with varying
degrees.® And test three alternative forms: linear,
quadratic, and second-order polynomial as possible
functions.?®* By selecting the best statistical
regression models for each chemical property, we
evaluated the direction and nature of the dynamics
across growth stages. We achieved this by applying
mathematical techniques, specifically the partial
derivatives of each function with respect to the
stage variable.?* This allowed us to study how the
dynamic parameters changed throughout the various
growth stages, addition determines the possible
local limits (minima or maxima) of each chemical
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property and estimate the time of each limit.%
To track the dynamic velocity of variations in each
chemical property during the growth stages and
analyze their simultaneous dynamics, we calculated
a standardized metric known as the relative change
of chemical properties within each stage. This metric
represents the change in each property in terms of
standard deviation of changes of this property along
all stages.*® The formula used to calculate this metric
is as stated below:

Dynamic velocity =(The change per stage )/
(standard deviation of The change per stage )

Subsequently, we illustrate them in a bar chart to
enhance the comparison of dynamic velocity within
the interaction of stages, chemical properties, and
date cultivars.

Results

Models Specification and Regression Results
After estimating all possible models (linear,
quadratic, and second-order polynomial) by
considering potential variables (stage and cultivar
and their interactions), and based on the minimum
value of Akaike information criterion shown in the
table (1).

Table 1: Regressions selected criterion (Akaike Information Criterion)

Dependent Antioxida yield of Total Fat dry Water Carbo- Protein PH Total fla
variables -nt activity extraction phenol matter (%) hydrate -vonoid
function form

Linear 9.091 4.975 11.011 2484 7.395 7.806 9.661 5453 0.581 5.245
Quadratic 9.086* 4.998 11.508 2.452 7.100* 7.175 10.873 5429 0.576 5.437
Second-degree 9.226 4.806* 10.104* 2.286* 7.161 6.710* 9.406* 4.952* 0.416* 4.380*
polynomial

Coefficient 0.6503 0.6430 0.8734 0.9428 0.8609 0.9328 0.9817 0.7886 0.6259 0.9340
Determination

(R

According to star marked values in the table ( 1), the
appropriate independent variables and their optimal
forms for each regression are as follows:

The best functional forms for Carbohydrate,
Protein, Yield of extraction, and Total phenol were
determined to be second-order polynomials. These

functions incorporated all the independent variables,
including (stage, stage,? cultivar, cultivar * stage,
and cultivar * stage?). As in table (1) below, all of
these independent variables had a significant effect
on the chemical properties mentioned above at a
significance level of 0.05, except for the variable
"stage" in function of total phenol was no significant.
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For water content, pH, fat content and total flavonoid
content, the best form was second-order polynomial,
but including different independent variables which
were (stage, stage,? cultivar and cultivar * stage).
Except water content function which dropped
the (cultivar) variable, and pH function which
dropped the (cultivar * stage) variable. All of these
independent variables had a significant effect on
the chemical properties mentioned above at a
significance level of 0.05, except for the variable "
cultivar * stage " in function of total flavonoid was
no significant as shown in the table (1). The best

functional forms for dry matter and Antioxidant
activity were found to be quadratic. The dry matter
function consisted of a single independent variable
(stage?), while the Antioxidant activity function
included multiple independent variables (stage?,
cultivar, cultivar * stage?). Table (2) showed that the
all of the independent variables had a significant
effect on the mentioned chemical properties at a
significance level of 0.05, except for the variable
"cultivar * stage?" in the Antioxidant activity function,
which had a significance level of 0.10.

Table 3: Dynamic local limits of chemical properties functions

Target measurement Cultivar comparisons Water (%) PH
Initial Stage DEGLAT NOUR +57.432 +5.461
DEGLA BAIDA 51.082 +5.461
The Difference - 6.350 0
Rate of change over stages DEGLAT NOUR +18.370 — 10.46*S +0.646 - 0.172*S
DEGLA BAIDA +18.370 — 10.46*S +0.562 - 0.172*S
The Difference 0 -0.084
Local limit DEGLAT NOUR 73.563 6.673
DEGLA BAIDA 67.213 6.379
The Difference -6.35 -0.294
Period of local limit DEGLAT NOUR 1.76 3.75
DEGLA BAIDA 1.76 3.26
The Difference 0 -0.49
Fifth Stage DEGLAT NOUR 18.532 6.541
DEGLA BAIDA 12.182 6.121
The Difference -6.35 -0.42

Discussions

Dynamic Analysis of Selected Models

pH and Water Content

The coefficient of determination the change of the
amount of water in the fruit through the stages
of growth were 93.28% table(3), The polynomial
function of the second degree with a local maxima
limit was the best function for the regression of
the amount of water in the fruit on growth stages.
before first stage, the amount of water in the
date fruit was different in the two cultivar and
was (57.432) (51.082), in Deglet Nour and Degla
Baida respectively. but the tow cultivar was had
the same rate of water dynamic through stages
[+18.370-(10.46xstage)], by this rate the water
firstly increased until reach its maximum in the end
of second stage (56 days), which was 73.563 for

Deglet Nour and 67.213 for DEGLAT BAIDA. After
the second stage the water beginning decreasing
at the same rate until the fifth stage where was
18.532 for Deglet Nour and 12.182 for Degla Baida.
As previously mentioned, there is variation in
moisture content between the two cultivars at
different stages of maturity.3"*® Moisture is a crucial
component that significantly impacts fruit quality
and preservation. It is utilized throughout all stages
of ripeness (Cambrian, Khallal, Rutab, and Tamr) in
various forms, such as falling dates during natural
thinning during the Rutab stage (half-ripe) and ripe
dates.

These findings are consistent with previous
research,®***' that concluded soft dates have less
than 30% moisture content, while dry dates have
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less than 10% at the date stage. The difference in
moisture content between the two cultivars can be
attributed to their unique genotypes.*? Confirmed
the significant influence of cultivar on humidity
percentage, classifying Deglet Nour as a semi-
moist fruit and Degla Baida as a dry, hard fruit. The
disparity can also be linked to the initial moisture
percentage, fruit surface properties, exposure to
climatic factors (sunlight and heat), and dry matter
content.

The second-degree polynomial function was the
best form to fit the regression of pH in date fruit
on its growth stages with local maxima limit in
both Deglet Nour and Degla Baida table (3). the
coefficient of determination showed that 62.6% of
the total pH variation in the date fruit is explained by
(stage, stage? and cultivar * stage). the difference in
its growth stage. In the beginning of the first stage

B STAGE 01
B STAGE 02
@ STAGE 03 EF]B E]"DN
B STAGE 04 ;

PH
B STAGE 05
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the pH was 5.461 in the two cultivars . but through
the growth stages pH was increasing at different
decline rates, in Deglet Nour the rate was [+0.646-
(0.172xstage)] while it was [+0.562-( 0.172xstage)]
for Degla Baida. pH rates maximum values 6.673
and 6.379 during fourth stage(128 and 112) days,
in Deglet Nour and Degla Baida respectively. In
the fifth stage pH declined to 6.541 and 6.121.
The change in acidity of the date fruit extract during
different stages can be attributed to variations in
water content, solutes, proteins, sugars, chemical
elements, and secondary metabolites. These
changes contribute to the fruit's ripening process,
color development, and flavor enhancement. These
findings align with the results reported by in their
studies on dates.***¢ Minor differences can also be
attributed to genetic diversity, agricultural services
and medium conditions, although these results are
in contrast with the results of.*"

(]
relative Dynamic
velocity

4

Chemical properties per date cultivars

Fig. 1 Dynamic velocity of Water content and pH

The Nutritional Compounds Content

Dry Matter

The interpretation of the independent variable
(stage?) in the regression accounted for 86.09%
of the dry matter variance table(4). The dry matter
corresponds to a second-order regression function,
while neglecting any differences between the two
cultivars. In the beginning of the first stage the dry
matter was 16.768 in two cultivars. Through the
stages of synthesis of the date fruit, the change of
dry matter was positively with the progression of the
stages and at an increasing rate (+1.964xstage).
This means that the highest value of dry matter in
the two cultivars was in the final ripening stage of
dates, as it reached 65.868 in Deglet Nour while it
was 68.868 in Degla Baida.

The observed difference in dry matter content
between the two cultivars is attributed to the
difference in the nature of the dry and semi-dry
fruits. The increase in dry matter content during the
ripening stages in both cultivars is due to a decrease
in fruit moisture content as they progress in ripening
which was confirmed by others.*” Additionally, there
is an increase in the migration of nutrients and
organic matter into storage tissues, particularly the
fruits.48-50

Carbohydrate

The data of the change of carbohydrates through
the stages of fruit synthesis fit the shape of the
polynomial regression function of the second degree
with a local maxima limit, with the inclusion of the
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difference between the two cultivars table(4). The
simultaneous changes of (stage, stage?, cultivar,
cultivar * stage, and cultivar * stage?) explained
98.17% of the total variation of Carbohydrates.
Before the first stage, the carbohydrates in the two
cultivars were different, where they were zero and
90.824 in Deglet Nour and Degla Baida respectively.
Addition to that the dynamic of Carbohydrates
through its growth stages were different in the
two cultivars, for DEGLAT NOUR it increased at
decreasing rate [+318.46-( 50.788xstage)] and at
rate [+204.673-( 25.65xstage)] for Degla Baida, the
two local limit was estimated out of growth stages.
In the fifth stage the level of Carbohydrate was
different where was 335.111 in Deglet Nour and
793.564 in Degla Baida.

The high carbohydrate content in the samples can
be attributed to the fact that dates are a source of
sugars, as demonstrated in numerous previous
studies, such as the biochemical study of 54 cultivars
of palm trees cultivated in Algeria.47,51,52 The
sugar content in these studies ranged from 59.18%
to0 92.4%.

The results of monitoring carbohydrate content
during the stages of date fruit development showed
a gradual increase towards the maturity stage. This
increase varied from one stage to another in the
fruit of the two cultivars , as shown in Table 1. The
sugar content in both Deglet Baida and Degla Nour
fruits was higher than the cultivars studied by Bacha
and others.®® These latter studies demonstrated
that there is a difference in content and conversion
rates during different stages among cultivars,
which is consistent with the results of this study.
This difference may be attributed to the sensitivity
of regions with potential soil and air dryness, such
as sandy soils with large pores that lead to water
deficiency and rapid depletion.5

Studies have indicated that the onset of fruit
softening is associated with fruit growth cessation
and carbohydrate accumulation. This may also
be attributed to the osmotic potential resulting
from the accumulation of glucose,’%" as well as
growth-promoting hormones such as cytokinins,5®
Cultivars also vary according to the genetic pattern
at the moment and length of the cell division stage.
The chemical content may differ among cultivars
depending on the genetic pattern at the moment and
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length stage the cell division and expansion, which
leads to variations in material accumulation in the
fruits. This can also be explained by the elevated
temperature, which increases daily consumption,
explaining the slow growth and increased material
content in the fruit during the initial stages.*®

The significant increase in sugars in the later stages
can be explained by the deterioration of complex
sugars and the increasing enzyme activity during
the final stages for fruit softening and ripening,
where the plant's nitrogen requirement decreases,
resulting in increased sugars and carbon in the
fruit. The difference between cultivars may also be
attributed to variations in the efficiency of nutrient
utilization, as confirmed in apple cultivars,® and
an increase in the metabolic enzyme activities of
sugar, as well as a decrease in respiration rate that
reduces the consumption of produced materials and
consequently increases nutrient and sugar transfer
to the fruit. This is accompanied by various changes
in primary and secondary metabolites. Furthermore,
in the late ripening stages, fruit growth ceases, starch
and complex sugars degrade into soluble simple
sugars, leading to gradual loss of firmness and
changes in pigments.3® Studies have demonstrated
the different responses of cultivars to factors
influencing the carbohydrate source, including fruit
load, leaf ratio, and pollination.5'-64

The slow increase in carbohydrate content during
the initial stages (H and K) can be explained by the
utilization of the products of photosynthetic synthesis
to release the energy needed for cell division, cell
expansion, and tissue formation. The continued
production and migration of organic matter to the
fruits for storage, coupled with the low moisture
content, justify the increase in sugar content during
the ripening stages. This coincides with the activity of
enzymes such as invertase, which converts sucrose
into glucose and fructose, known for its role in cell
wall softening of the fruits and the increase in sugar
content, which is an indication of fruit ripening.5®

Protein

The second-degree polynomial function was the best
form to fit the regression of protein in date fruit on
its growth stages with local minima limit in the two
cultivars table(4). the coefficient of determination
showed that 78.86% of the total protein variation in
the date fruit is explained by (stage, stage?, cultivar,
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cultivar * stage, and cultivar * stage?). Before the first
stage, the protein in both cultivars was different, as
it was 24.083 in Deglet Nour, as it was 12.584 in
Degla Baida. Stage by stage, the protein in Deglet
Nour was decreasing at decline rate [-21.523+
(7.288xstage)] and reached the minimum level zero,
daring second stages, in Degla Baida it was different
where the protein was decreasing at decline rate
[-6.45+( 2.078xstage)] until reached its minimum
level (3.8) at the end of third stage (2.90). In last
stage of growth, the protein reached 7.575 and
8.358 in Deglet Nour and Degla Baida respectively.
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The variation in protein content in the fruits of the two
date palm cultivars during fruit development stages
is attributed to differences in climatic factors from
one stage to another,%\ especially temperature and
humidity. As the temperature increases, the plant's
consumption of organic matter also increases,
leading to a reduction in the accumulation of
nutritional compounds, including proteins. These
conditions put the plant under stress, activating
enzymes that break down primary metabolites and
oxidize them through free radicals.

Table 4: Dynamic local limits of chemical properties functions

Target meas Cultivar dry matter Carbohydrate Protein Fat

-urement comparisons

Initial Stage DEGLAT NOUR  + 16.768 - 122.264 +24.083 +16.930
DEGLABAIDA  +16.768 90.824 12.584 10.704

Rate of change DEGLAT NOUR +3.928*S + 318.460 — 50.788*S -21.523 +7.288*S - 1.733 + 0.426*S

over stages DEGLABAIDA  +3.928*S +204.673 —25.65*S -6.045+2.078*S -1.307 + 0.426*S
The Difference 0 - 113.967 + 25.138*S  + 15.478 —5.21*S +0.426

Local limit DEGLAT NOUR - 876.05 0 13.29
DEGLA BAIDA - 907.413 3.8 8.700
The Difference - 31.363 3.8 - 8.624

Period of DEGLAT NOUR - 6.27 2.05 4.06

local limit DEGLA BAIDA - 7.98 2.90 3.07

Fifth Stage DEGLAT NOUR 65.868 835.111 7.575 13.49
DEGLA BAIDA 65.868 793.564 8.358 9.5

Additionally, the variability in the dynamics of
nutritional compounds according to the cultivar is
due to genetic differences and their responsiveness
to environmental conditions, as well as the nature
of the fruits.

These findings are consistent with the results
obtained by other®?in the first three stages; however,
they vary based on regional and varietal differences,
as well as aligning with other findings.5":68

Fat

regression independent variables (stage, stage?,
cultivar and cultivar * stage ) explained 94.28%
from total variance of fat. before dynamic table(4),

Fat was 16.93 in Deglet Nour and 10.704 in Degla
Baida. Dynamically the two cultivars were good fit
the second degrees polynomial with local minima
value, this mean that Fat in Deglet Nour and in Degla
Baida were decreasing at declining rates [ -1.733+(
0.426xstage)] [-1.307+( 0.426xstage)] respectively.
The dynamic of fat in DEGL BAIDA were slower
than Deglet Nour where reached its minimum value
(8.7) in the beginning the fourth stage (105)days
while Deglet Nour was late until the beginning the
fifth stage (133)days to amount (13.29 ). in the final
stage Fats recovered its some values for the two
cultivars, in Deglet Nour was 13.49 and in Degla
Baida was 9.5.
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relative Dynamic velocity

Fig. 2 Dynamic velocity of nutritional Compounds

The low-fat content in the studied samples can be
attributed to the fact that the date palm is not a fatty
plant; rather, it is an important source of sugars,
with fat content ranging from 0.43% to 1.9%. These
findings are consistent with several studies, such
as one research69 that determined the nutritional
composition of fruits from 10 date palm cultivars
cultivated in Saudi Arabia, as well as the study
conducted by Ahmed (1995).70 The difference in fat
content between the two date palm cultivars during
fruit development stages can be attributed to genetic
variations and may also be influenced by differences
in the source of pollination.™

Through the results of Figure 2, which illustrate
the rate of changes in nutritional compounds in the
fruits of the Degla Beida and Degla Nour cultivars
during the ripening stages, we observe a consistent
pattern across the stages for dry matter content,
carbohydrate content, and protein content. The rate
of change in dry matter content increases as the
ripening stage advances. However, Degla Beida
exhibits higher carbohydrate content compared
to Degla Nour, despite both cultivars experiencing
a decrease in carbohydrate content as ripening
progresses. On the other hand, there is a decrease in
the rate of change in protein content, followed by an
increase after the third stage, reaching its peak at the
fifth stage for both cultivars. Regarding fat content,
the rates of change and transformations differ across
the ripening stages. Degla Nour demonstrates higher
rates of change in the first three stages, while Degla
Beida excels during the fourth and fifth stages. These
differences in the rates of change in carbohydrate
and fat content can be attributed to the nature of

the fruits, the length of the stage (genetic traits),
and their varying impact due to changing climatic
conditions from the beginning of spring to the end
of autumn. Additionally, the phenological properties
that distinguish each cultivar also contribute to these
variations.

Secondary Metabolic Compounds and
Antioxidant Activity (DPPH)

According to the results in table (5):

Yield of Extraction

The regression showed that almost 64.3% of Yield
variability was explained by changing of (stage,
stage?, cultivar, cultivar * stage, and cultivar * stage?).
before first stage the average Yield was 39.21 for
Deglet Nour, and 25.322 for DEGLA BAIDA. Addition
to this different, across stages the dynamic of Yield
was different between the cultivars although they fit
the same regression form on stage variable which
was the second-degree polynomial. For Deglet
Nour the Yield function had local minima value
(12.512) at 120 days(stage= 3.717 ) the middle of
fourth stages 140 days (4.34), before this stage
point the yield decreased from stage to stage by
an average [- 14.720 +(3.96xstage)], afterword the
yield recovery some its level until fifth stage where
reach (5.11). Whereas Degla Baida the Yield function
had local higher minima value (14.568) at 140 days
(stage = 4.341) almost fifth stage, before this point
of time the Yield has decreased by the average
[-4.958+(1.142xstage)] according to the prior stage
of change, but after that the Yield has increased until
amount to (28.68) in the fifth stage.
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Table 5: Dynamic local limits of chemical properties functions
Target meas Cultivar yield of Total phenol Total flavonoid  Antioxidant
-urement comparisons extraction activity
Initial Stage DEGLAT NOUR +39.210 157.017 +9.275 88.076
DEGLA BAIDA 25.322 378.444 17.761 52.343
Rate of change DEGLAT NOUR - 14.720 + 3.96*S  + 81.796 — 45.558*S - 8.435 + 2.73*S -4.261*S
over stages DEGLABAIDA -4.958 + 1.142*S -102.721 + 12.086*S -9.22 + 2.73*S - 2.541*S
The Difference  +9.762 - 2.818*S - 184.517 + 55.644*S -0.785 +1.720*S
Local limit DEGLAT NOUR 12.512 230.446 0 -
DEGLA BAIDA 14.568 209.421 1.92 -
The Difference 2.056 -21.025 1.92 -
Period of DEGLAT NOUR 3.717 1.80 2.7 -
local limit DEGLA BAIDA 4.341 1.846 3.38 -
Fifth Stage DEGLAT NOUR 15.11 -3.748 1.225 -18.449
DEGLA BAIDA 28.68 156.915 5.786 -11.182
Total Phenol In the beginning of first stage the Total flavonoid

The (stage, stage?, cultivar, cultivar * stage, and
cultivar * stage?) explained 87.34 % of the Total
phenol variability, before entering to the first
stage Total phenol of Degla Baida were 378.444,
greater than of Deglet Nour by 221.427. during
growth stages in Deglet Nour the total phenol was
increasing during first stage at a declining rate
[+81.796-(45.558xstage)], reach its maximum
230.46 at the end of the second stage 58 days, after
this point of time the total phenol was decreasing
at the same rate and rich to zero before the end
of the fourth stage. In the Degla Baida the total
phenol was firstly decreasing at diminishing rate
[-102.721+(12.086xstage)] and rich its minimum
value 209.421 at the end of the second 60 days,
after that the total phenol recovery its values at the
same rate until reach the level 15.915 at the end of
the fifth stage.

Total Flavonoid

The second-degree polynomial function was the best
form to fit the regression of Total flavonoid in date
fruit on its growth stages with local minima limit in
both Deglet Nour and Degla Baida. the coefficient
of determination showed that 93.40% of the total
flavonoid variation in the date fruit is explained by
(stage, stage?, cultivar and cultivar * stage).

was 9.275 in Deglet Nour and 17.761 in Degla
Baida. also, through growth stages Total flavonoid
in Deglet Nour were decreasing at declined rate
[-8.435+( 2.73xstage)] until reached its minimum
zero in beginning of second stage, while in Degla
Baida were decreasing at declined rate [-9.22+
( 2.73xstage)] were it reached its minimum 1.92 in
the beginning of the fourth stage 112 days. after this
limit total flavonoid recovered its some values intel
fifth stage where it was 1.225 and 5.786 in Deglet
Nour and Degla Baida respectively.

Antioxidant Activity

According to the estimated regression, 65.03%
of the total change in antioxidant activity can be
explained by the variables stage?, cultivar * stage?,
and date cultivar. In the initial first stage, there was
a significant difference in the average antioxidant
activity between the two cultivars at a 5% level.
Deglet Nour exhibited an average of 88.076, while
Degla Baida had an average of 52.343. Furthermore,
the marginal effect during successive stages of
growth varied between the two cultivars at a 10%
level. As the fruit progressed from one stage to
the next, the antioxidant activity decreased at an
increasing rate, with a coefficient of (-8.522 x stage)
for Deglet Nour and (-5.082 x stage) for Degla Baida,
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indicating that the antioxidant activity reached zero
in the fifth stage of growth for both cultivars.

According to figure 3, which presents the rate of
change values for extraction yield, total phenol and
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ESTAGE 05
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flavonoid content, and antioxidant activity during
the ripening stages of Degla Baida and Degla Nour
dates, several observations can be made.

N\
relative Dynamic velocity

Chemical properties per date cultivars

Fig. 3 Dynamic velocity of secondary Compounds and antioxidant activity

For extraction yield, there is a decrease in the rate of
change across the stages, reaching the lowest value
in the fourth stage, followed by an increase in the
fifth stage for both cultivars. However, Degla Baida
has higher values in the first four stages, except for
the fifth stage where Degla Nour excels.

Regarding flavonoid content, there is a decrease in
the rate of change until the third stage, followed by
an increase in the fourth and fifth stages for both
cultivars, aligning with the continuous decrease in
content.

The rate of change in antioxidant activity shows an
increasing trend across the stages, with similarity
between the two cultivars.

In terms of total phenol content, the rate of change
differs between the cultivars. It decreases in Degla
Baida as the fruit matures, while in Degla Nour, it
decreases between the first and second stage and
then increases as the fruit progresses in maturity.

These differences in the rates of change and their
similarities can be attributed to the genetic nature
of the cultivars within the same plant family and
species. Additionally, intermediate factors between
the stages, responding to the genotype and short
phenological properties, play a role. The property of

dry, hard, and fibrous fruits in Degla Baida, which is
known for its disease resistance, may also contribute
to these variations, limiting the activity of chemical
transformation factors, especially enzymes.

The similarity in the rate of change of certain
chemical properties between the two cultivars can
be attributed to their shared family and species.
However, the genetic differences between the
cultivars and the source of pollen contribute to the
variation in the rate of change of other chemical
properties.”>”® The genetic nature of the plants plays
a significant role in the vital processes that occur
within them.

The nature of the dry, fibrous, and more solid fruits in
Degla Baida affects the extent of chemical changes,
particularly in terms of humidity percentage. The
decrease in humidity has an impact on the chemical
composition, especially hydrophilic compounds
that are closely related to water liberation and
the activity of enzymes like phenol oxidase and
peroxidase.437475

Additionally, both cultivars can respond to climatic
changes spanning three seasons from spring to
autumn, soil variations, and agricultural practices
that either facilitate or hinder vital processes.’’”
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At low temperatures towards the end of the autumn
season, phenolic compounds can precipitate and
interact with the enzyme phenol peroxidase, causing
its oxidation and resulting in a decrease in the
content of phenolic compounds.”

Differences can also be attributed to the phenological
properties that distinguish each cultivar, including
variations in the length of stages during which
the date fruit undergoes ripening. For example,
Degla Baida ripens in October while Degla Nour
reaches maturity in December. These phenological
differences interact with climatic changes, affecting
the vitality of various biological interactions and life
cycles of fruit pathogens.”-8

Degla Baida is known for its resistance to diseases
and pests that commonly affect date fruits.
This resistance limits the activity of chemical
transformation factors, particularly enzymes.
Consequently, the rate of changes in secondary
metabolites and antioxidant activity is more
pronounced in Degla Baida.

Conclusion

This research comprehensively analyzed the
chemical composition and antioxidant activity of
two date palm varieties, Deglet Nour and Degla
Beida, across five developmental stages: Habobuk,
Kimri, Khalal, Busr, and Tamr. The findings revealed
distinct dynamic patterns of change in nutritional and
biochemical properties influenced by growth stages,
genetic factors, and environmental conditions. Key
conclusions include:

Sugars increased significantly during the final two
stages, contributing to the characteristic sweetness
of mature dates. Polyphenol content peaked in
the early stages, correlating with high antioxidant
activity, which declined as the fruit matured. Moisture
content decreased progressively, while dry matter
increased, consistent with the fruits transitioning to
drier forms. Variations in these components were
less pronounced but followed cultivar-specific trends.
Deglet Nour exhibited higher phenol and antioxidant
levels early in development, whereas Degla Beida
demonstrated resilience and distinct patterns linked
to its fibrous, dry nature.

These insights underscore the significance of
understanding fruit biochemical dynamics for
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optimizing harvest timing, storage, and processing
techniques and enhancing the nutritional value of
date palm products.

To build on these findings, future studies could focus
on Studying the mechanisms of chemical changes
during the developmental stages of date palm fruit
and their consistency across different varieties, as
well as examining the impact of external factors and
agricultural practices on the dynamics of chemical
changes.
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