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ABSTRACT

The goal of the current study was to assess the nutritional value,
antioxidant content and antioxidant activity of date kernels and palm fronds
and their effect on oil stability. Total phenolic compounds, tannins and a-
tocopherol were determined and DPPH radical-scavenging activity was
examined. Polyphenolic substances were identified by HPLC. BHT and tannic
acid as synthetic antioxidant agents, in addition to aqueous and ethanolic
extracts of date kernels and palm fronds, as natural antioxidants were added to
edible mixed oil at concentrations of 100, 200 and 500ppm and heated daily at
80°C for 5 hours for 7days, then the stability of oil was assessed by acid value,
peroxide value, TBARS and iodine number. The Economics of date palm
kernel waste also was evaluated. The findings showed that date kernels had
greater total phenol content than those of date palm fronds and palm fronds
also had much higher concentrations of tannins and tocopherol. According to
HPLC-based polyphenol fractionation, vanilne, resorcinol and syringic acid
made up the bulk of palm fronds. The findings suggested that the heat stability
of both synthetic and natural antioxidants improved the stability and properties
of oil after being heated daily at 80°C, for 5 hours for 7 days.

The present study concluded that adding natural antioxidants obtained
from date kernels and palm frond could lengthen the shelf life of oil. They
were also risk-free and have numerous dietary applications, as alternative
natural antioxidants.
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INTRODUCTION the ecosystem is harmed by the disposal
The amount of agro-industrial waste of garbage. Due to the date palm's
has significantly increased recently, and favorable environment and tasty,
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nutrient-rich fruit, the palm tree is the
most common palm in the Middle East.
The palm dates also contain low
moisture levels and extremely volatile
solids. These features make the wastes of
palm dates great sources of biomass in
countries that grow dates (Zafar, 2021).
The date palm, which is the most
significant tree in the Middle Eastm, that
generates enormous amounts of garbage
every year in forms of fibrous materials,
dried fruits and seeds. Such wastes are
wonderful  sources of degradable
biomass that can be used in a variety of
applications, including the creation of
natural fiber composites, active carbon

precursors and even nano-featured
sheets. Due to a lack of efficient
processing  methods, date  palm

plantations annually burn that abundant
resource Date palm has a wide range of
uses nowadays, as technology advances
(Faiad et al., 2022).

Date seeds are regarded as a by-
product and typically weigh between 5.6
to 14.2% of the fruit. According to
Shafiei et al. (2010) and Tang et al.
(2013), date seeds have high levels of
proteins, vitamins, fatty acids and
minerals. They are good sources of vital

fatty acids and phytochemicals like
phenols, sterols, carotenoids,
anthocyanins, procyanidins and

flavonoids. They have a high percentage
of water-insoluble mannan fiber and are
also high in dietary fiber (67.5-74.2%).
Additionally, John and Shahidi (2019)
reported that catechin, epicatechin, rutin,
ferulic acid and proanthocyanidin were
among the phenolic components found in
both date palm leaf and date palm seeds
(DPL and DPS). The seed is a source of
edible oil and can be utilized as a useful

food ingredient. Also, over 10% of the
total date seeds waste produced every
day by industries might be used for
producing usable food items. Date fruit
and seeds are highly beneficial to human,
since they are full of sugar, vitamins,
fiber, minerals, and phenolic compounds
with anti-inflammatory and antioxidant
qualities. Due to their chemical
composition, bioactive substances and
essential oils that are employed, date
seeds are suited for usage in many foods,
medications, cosmetic products, dietary
supplements, and food product creation
(Alkhoori et al., 2022 and Alharbi et
al., 2021). Date seeds have a good
chance of being used as a useful element
in meals for human. Furthermore, items
made from date seeds are edible. (Platat
etal., 2019).

Leaves of date palm are significant
natural sources of fibers, that can be used
as component in several industrial
applications in virtually every field
(Agoudjil et al., 2011). It has been found
that 70% ethanol extract of leaves of
Phoenix dactylifera L. has an anti-
hyperglycemic action and controls the
absorption of glucose by inhibiting a-
amylase and B-glucosidase (Chakroun
et al., 2016). In liver and kidney tissues
of streptozotocin- and alloxan-induced
diabetic rats, the aqueous extract of DPS
has been shown to have a possible
protective  effect against diabetes
(Abdelaziz et al., 2015; Abiola et al.,
2018).

Thousand tons of date palm seeds
and leaves are thrown away each year,
despite the fact that both of them contain
significant amounts of  secondary
metabolites, including  polyphenolic
compounds like flavonoids, antioxidants
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and phenolic acids that can be used as a
good source for functional foods (Al-
Farsi and Lee, 2011).

Therefore, the current study aimed to
assess the nutritional value of date
kernels and palm fronds, as well as their
fractionation of the polyphenolic extract
by using HPLC, and study effect of their
aqueous and ethanolic extracts on oil
oxidative stability during heated five
hours per day for seven days at 80+2°C.
Additionally, evaluate the Economics of
date palm kernel waste.

MATERIALS AND METHODS
Materials:

Date palm (Phoenix
dactylifera), the Egyptian Sukkari date
fruit wvariety, and its fronds were
collected from Siwa Oasis. Sigma-
Aldrich  (Dorset, UK) supplied the
chemicals and reagents Ethanol alcohol
was given by EI-Nasr Pharmaceutical

Chemical, EI-Ameriea, Cairo, Egypt.
Butylated hydroxyl toluene (BHT),
tannic acid, and other synthetic

antioxidants, such as flavonoids and
phenolic compounds, were purchased
from Sigma Chemical Co. in St. Louis,
Missouri, in the United States. Tanta
Company for Oils and Soaps, located in
Tanta, Egypt, sold edible mixed oil-free
antioxidants.
Preparation of date kernel powder
Directly separated from the Sukkari
date, the kernels were cleaned by hand,
rinsed by soaking in distilled water for
five minutes, and then allowed to drain
for two to three days at room
temperature. According to Johnson et al.
(2013), the kernels were dried at
(40°C), stirred, crushed, and processed
using a heavy-duty grinder into a fine
powder passing a 1.2 mm screen, then

placed in polyethylene bags and kept in a
dry location until utilized.
Preparation of date fronds powder

Date palm tree fronds were initially
cut into 5 cm-sized parts and washed
thoroughly with water for removing any
particles of dust or dirt. The samples of
fronds were subsequently dried in an
oven for 5 h at a temperature of 70 °C till
it is completely dried and milling
according to Al-Awa et al. (2023).
Determining the raw materials'
chemical analyses

According to AOAC (2012), the
crude protein, crude lipids, ash, and
crude fibers in the raw materials were
determined, and the total carbohydrates
were computed by deference. Date
kernels and palm fronds were estimated
as total dietary fiber (TDF), soluble
(SDF), and insoluble dietary fiber (ISF)
by Prosky et al. (1988).
Antioxidant extraction

date kernels and palm fronts (10g
each) were extracted for 24 hours with
50ml of each water and ethanol. In a
rotary evaporator (RE 300/ MS), the
antioxidant extracts were filtered and
dried at 40 °C.
Determination of total phenolic
compounds, tannins, and a-tocopherol

The total phenolic content of raw
materials was determined by applying
the Muscolo et al. (2019) technique and
the Folin-Ciocalteu reagent. The findings
are presented as mg/100g of dry weight
of gallic acid equivalents (GAE). To
determine the total tannins content, the
method of Cam and Hisl (2010), was
applied. Separately, 10mL of a 3:2 viv
hexane: isopropanol solution was used to
extract vitamin E (-tocopherol) from raw
materials. The mixture was agitated for 5
hours before being centrifuged at
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3000rpm for 10minutes. The amount of

vitamin E was measured in the
supernatant, according to Prieto et al.
(1999).

DPPH radical-scavenging activity

Date kernels and palm fronds were
tested for their ability to scavenge DPPH
free radicals using the technique
described by Xu and Chang (2007). At
517 nm, the absorbance was immediately
measured.

HPLC-based antioxidant
measurement
Using HPLC (HP 1050),

polyphenolic substances were identified
in accordance with the procedure
outlined by Waksmundzka — Hajnoset
al. (2007).

Addition of antioxidant to oil
Sunflower oil was used as the
substrate  for  oxidation  studies.
According  to Buford, (1988),
antioxidants were added at
concentrations of 100, 20 and 500 ppm
on a dry weight basis in order to examine
the antioxidant potency of natural
antioxidants extracted (aqueous) from
date kernels and palm fronds powder as
well as synthetic antioxidants (BHT and
tannic acid). The preparation of an
additive-free control sample followed the
same steps. Sunflower oil with and
without  antioxidants  (natural  or
synthetic) was intermittently heated for
five hours each day for seven days at a
temperature of 80+2 °C in a 500 mL
glass beaker.
Determination of oxidative status in

sunflower oil
In oils, thiobarbituric reactive
compounds (TBARS) can be used

Spectrophotometers to assess according

to Jung et al. (2016), and Zeb and
Ullah, (2016).

According to AOAC (2012), the
peroxide value, acid value, and iodine
number were determined.

Statistical evaluation

The statistical analysis was carried
out using the SPSS10 program. A one-
way analysis of variance and Duncan's
tests were used for statistical analysis,
and the data were reported as means and
standard error of the means (SEM)
(SPSS, 2000).

RESULTS AND DISCUSSION
Chemical composition in date kernels
and palm fronds

Samples of date kernels and palm
fronds were subjected to chemical
analysis, results are reported in Table
(1). It could be observed that the crude

protein, oil and hydrolysable
carbohydrates in date kernels were
higher than those of palm fronds, as they
were 3.17, 6.69 and 73.73%,
respectively, for the former, while they
were 199, 101 and 31.98%,

respectively, for the later. Whereas, ash
content and crude fiber were higher in
palm fronds than those of date kernels,
as they were 1299 and 52.03%,
respectively, for the former, while there
were 1.41 and 15.00%, respectively, for
the later. According to chemical analysis,
date kernel includes, by weight, 60-80%
fiber, 4-14% oil and just little amount of
protein. These results are confirmed with
Shafiei et al. (2010) and Tang et al.
(2013).

Concerning the total dietary,
insoluble, and soluble dietary fibers, that
were determined in date kernels and
palm fronds, it was found that the total
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dietary fiber and insoluble dietary fiber
were higher in palm fronds (74.21 and
65.69% respectively), compared with
date kernels (70.52 and 50.45%,
respectively). Meanwhile, soluble dietary
fiber was the highest in date kernels
(20.07%) than palm fronds (8.52%).
Dietary fibers that are soluble also have a
physical mode of action that plays a
significant role in controlling how well
some macro- and micronutrients are
absorbed. For instance, because of their
high molecular weight and water
solubility, they make the intestinal
contents more viscous, which inhibit the
absorption of glucose and cholesterol
and the reabsorption of bile salts.

Preventing intestine absorption and
maintaining insulin secretion, which
encourages hepatic cholesterol

production, stabilizes serum cholesterol
levels. Additionally, increasing intestinal

capacity  encourages fullness and
suppresses hunger (Lattimerand Haub,
2010).

Date seeds contain between 67 to
74% more dietary fiber than date fruit,
with water-insoluble mannan fiber being
the most prevalent (Mrabet et al., 2019).
The findings suggest that date seeds
could be exploited as superior dietary
fiber source in food preparation (Sayas-
Barbera et al., 2020).

Table (1): Chemical composition of date kernel and palm fronds (on dry basis %6)

Chemical analysis Date kernel Palm fronds
Crude Protein 3.17+0.02 1.99+0.84
Crude Oil 6.69+0.05 1.01+0.75
Ash content 1.41+0.08 12.99+1.24
Crude Fiber 15.00+0.95 52.03+3.12
Total Carbohydrates 73.73+4.25 31.98+2.01
Dietary fiber 70.52+3.76 74.21+4.12
Insoluble dietary fiber 50.45+2.61 65.69+3.58
Soluble dietary fiber 20.07+1.87 8.52+0.93

Values are mean £SD, n = 3.

Yield extract, antioxidants and its
activity in date kernels and palm
fronds

By guarding against the oxidative
damage caused by dangerous chemicals
known as free radicals, antioxidants
serve a crucial function in food systems,
human body cells, and tissues (Idowu et
al., 2021). Some well-known disorders,
like cancer, heart disease, Parkinson's
and Alzheimer's disease are directly
linked to those free radicals (Kim et al.,
2015).

Table (2) shows that each of palm
kernels' ethanolic and aqueous extract
contained 247 and 243% of
antioxidants, respectively. Meanwhile,
Palm frond aqueous extract gave better
result, concerning to total antioxidant
content (3.51%), compared with that of
ethanolic extract (0.40%). These
findings agree with those of Maqsood et
al. (2015), who claimed that date seed,
which was extracted with ethanol is
more effective than that extracted with
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water, because it is predominately
composed of non-polar chemicals.

Total phenolic, total tannins,
tocopherol and its antioxidants activity
(DPPH) were determined in date kernels
and palm fronds and the results are
tabulated in the same table. Results
indicate that date kernels were
characterized by having higher gquantities
of total phenols, being about 728.97mg
gallic acid/100g, compared with palm
fronds, which were 442.09mg gallic
acid/100g. Moreover, palm fronds
contained significantly high amounts of
tannins and tocopherol, which were
1699.93mg/100gm and 30.88pg/100g,
respectively, as high as that of date
kernels, which were 1559.96mg/100g
and 0.950ug/100g, respectively. Results
demonstrated that palm fronds contain
higher amounts of total tannins and
tocopherol, as well as lower amounts of
total phenols. According to Yusoff
(2006), palm oil is the fastest-growing
oil in the world and a source of a-
tocopherol, o-tocotrienol, y-tocotrienol
and o&-tocotrienol. The antioxidants of
tannins,  carotenoids,  sterols and
polyphenols are all abundant in dates
(Idowu et al., 2019).

The ethanolic extract of date seed
powder (Phoenix dactylifera) contained
a total of 56.16 to 67.32mg/ml of
phenolic ~ compounds,  while its
methanolic extract contained 56.6 to
65.32mg/ml of phenolic compounds. It
was also found that aqueous extract of
date seed powder contained 27.88 to
40.06mg/ml of phenolic compounds, Al

Ghezi et al. (2020). While the total
flavonoid content of the aqueous extract
varied from 2212 to 33.32mg/ml,
comparing with that of the ethanolic
extract, ranged from 40.21 to
52.16mg/ml, and that of the methanol
extraction, ranged from 35.11 to
46.16mg/ml. The antioxidant activity of
(Phoenix dactylifera) date seed power
variety is indeed varied from 37.50 to
88.70%. The reduction strength is ranged
from 0.895 to 2.63 and the value of
ferrous ion bond is ranged from 41.92 to
60.93%.

In the same table, both of date
kernels and palm fronds showed
significant antioxidant activity, for the
DPPH radical-scavenging experiment.
Results showed that date kernels, which
have significant levels of natural
antioxidant  activity, had  higher
inhibition ratio (79.93mg/ml), whereas
palm  fronds had lower one
(59.98mg/ml). Date kernels may have
larger total phenolic acid and tocopherol
contents compared to palm fronds, which
may explain why they have the highest
inhibition ratio. While scavenging of the
ABTS radical is caused by the
scavenging of proton radicals created
through the donation of electrons,
scavenging of the DPPH assay may be
owing to the hydrogen-donating ability
(Chu et al, 2010). Our findings
demonstrate that date seeds and palm
fronds can be considered as good sources
of natural antioxidants.

- 302 -



Maha M. Tawfik et. al, 2024

Table (2): Total antioxidant contents and its activity, for date kernels and palm fronds

Extracts Date kernel Palm fronds
Aqueous extract (mg/ 100g) 2.43+0.009 3.51+0.013
Ethanolic extract (mg/ 1009) 2.47+0.009 0.40+0.002
Total phenols (mg/ 100g) 728.97+3.760 442.09+1.890
Total tannins (mg/ 100g) 1559.96+9.040 1699.93+3.880
Tocopherol (ug/ 1009) 0.950+0.001 30.88+0.240
DPPH (mg/ ml) 79.93 £5.310 59.98 £ 2.190

Values are as mean +SD (n= 3).

Fractionation of polyphenolic
compounds, for date kernel and palm
fronds using HPLC

According to Magsood et al. (2017),
using HPLC as a tool to determine the
quantitative analysis of phenols and
flavonoids makes it simple to move
forward with the most efficient and
abundant bioactive compounds in the
different plant parts' extracts. This also
aids in clearly differentiating species.

Fractionation and analysis of
polyphenolic in date kernel and palm
fronds using HPLC are reported in Table
(3). Results show that the main
components of date kernels were
Syringic acid, kaempferol, salicylic acid,
ferulic acid, protocattechuic acid,
cinnamic acid and p-coumaric acid, as
they were 19.987, 14.911, 7.901, 7.723,
6.752, 3.498 and 1.007ppm, respectively.
Meanwhile resorcinol, coumarin, caffic
acid, benzoic acid and Vanilne were less
than 1ppm. Date kernel does not detect
for  quercetin. The  polyphenolic
chemicals of gallic, vanillic, caffeic,
protocatechuic and p-hydroxybenzoic
acids were among the functional
bioactive molecules that were discovered
through a number of phytochemical
studies (Al-Farsi and Lee, 2008). Date

seeds are a great source of natural
antioxidants according to the phenolic
compounds they contain (Bouhlaliet al.,
2017), making them a possible
replacement for synthetic or semi-
synthetic  antioxidants.  Furthermore,
growing research suggests that date
seeds have anti-inflammatory (Saryono
et al., 2020) and immunostimulant
properties (Saryono et al., 2019).

The main components in palm
fronds were vanilne, resorcinol, and
syringic acid (38.579, 13.001 and
10.497ppm, respectively), as well as,
quercetin, coumarin, salicylic acid,
kaempferol and cinnamic acid were the
minor components, as they were 3.701,
3.677, 2.671, 2.411 and 2.196ppm,
respectively. Meanwhile, caffic acid and
p-coumaric acid was lower than 1ppm in
the palm fronds and also, ferulic acid
protocattechuic acid and benzoic acid
were not detected in the palm fronds.
Concerning to date palm seeds and
leaves, phenolic substances such as
proanthocyanidin ~ dimers,  catechin,
epicatechin, 5-O-caffeoylshikimic acid
isomers, ferulic acid, rutin, and
isorhamnetin hexoside were found (John
and Shahidi, 2019).
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Table (3): Analysis of the HPLC polyphenols, for date kernel and palm fronds (ppm)

Polyphenolic analysis Date kernel Palm frond
Ferulic acid 7.723 ND
Protocattechuic acid 6.752 ND
Syringic acid 19.987 10.497
Coumarin 0.721 3.677
Caffic acid 0.587 0.600
p-Coumaric acid 1.007 0.387
Salicylic acid 7.901 2.671
Resorcinol 0.924 13.001
Vanilne 0.071 38.579
Benzoic acid 0.132 ND
Cinnamic acid 3.498 2.196
Quercetin ND 3.701
Kaempferol 14911 2411

Natural and synthetic antioxidants for
oil stability

Highly unstable reactive compounds
with one or more free electrons are
known as free radicals. These substances
have the potential to harm or even
destroy the vital organs. One of the
earliest cultivated plants is Phoenix
dactylifera L, also known as the "date
palm"(dates), which are said to be a good
source of antioxidants (Al-Farsi et al.,
2018).

Natural antioxidants for an aqueous
and ethanolic extract from date kernels
and palm fronds, as well as a synthetic
antioxidant as BHT and tannic acid were
added to edible mixed oil at 100, 200 and
500ppm and heated to 80°C, for 5hrs
daily, for 7 days and the results were
tabulated in Table (4), which express the
effect of adding antioxidants on acid
value, peroxide value, TBARS and
iodine humber.

Acid value reflected the degree of oil
hydrolysis and the amount of free fatty
acids involved in the heated oil samples.
The tabulated data revealed that heating
of oil caused an increase in the acid
value for the control sample after 7 days
to 2.385mg KOH/g oil, comparing to
zero time, which was 0.008mg KOH/g
oil. Such increase could be attributed to
the formation of acidic compounds and
free fatty acids.

The decrease in acid value after 7
days, after adding antioxidant extracts
separately from 100 to 500ppm for
aqueous from 0.567 to 0.217mg KOH/g
and ethanolic extract from 0.700 to
0.198mg KOH/g in date kernel, as well
as, palm fronds decreased from 0.744 to
0.278mg KOHY/g in aqueous extract and
in ethanolic extract was from 0.641 to
0.249mg KOH/g, respectively. These
decreases may have been as a result of
fatty acid degradation, which could
produce highly volatile, low molecular
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weight fatty acids or the
decarboxylation reaction, which
produces the equivalent alkanes. These
results showed that oil samples treated
with butylated hydroxytoluene (BHT)
and tannic acid, after heating oil at 80°C
for 5 hours each day for 7 days,
exhibited abet the hydrolysis, as affected
by antioxidant addition. These findings
agree with those of Alsharjabi (2005).
Peroxide formation in oil during
heating oil at 80°C, for 5hrs daily, for
7days. The results show that as heating
time increased, peroxide  values
increased to 11.099ml equl/kg oil in
control sample. Meanwhile, aqueous and
methanolic extracts from date kernel at
100ppm were 2.8009 and
2.2871mlequl/kg oil, respectively, while
for500ppm concentration, the results
were 0.899 and 0.7909mlequl/kg oil,
respectively. The different extracts from
palm fronds the results were parallel to
the results from date kernel extracts.
Moreover, the effects of aqueous and
ethanolic extracts from date kernel were
more effective on oil, this was due to the
rate  difference  between peroxide
formation and its decomposition. At the
beginning of heating, peroxide formation
was faster than its decomposition. The
effects of added antioxidants, as BHT
and tannic acid on the peroxide value of
the oil were tested after heating oil at
80°C, for 5hrs daily, for 7 days. Both of
antioxidant agents effectively reduced
the oxidation rate in the oil, as detected
by decreases in peroxide values
compared to those of oil without
antioxidants. Tabulated data showed that

by

continuous exposure of oil to air and
light-enhanced oxidative cause changes
in oil and these changes became very fast

by heating.
The same table revealed that TBARS
value increased, for control sample

gradually in oil samples by heating oil at
80°C, for 5hrs daily, for 7 days. The
increase in TBARS readings is a sign
that carbonyl compounds were forming.
These compounds were created, because
of heating in the presence of air. The
type of oil used and the heating
techniques used may have an impact on
how much of these chemicals are
generated. These findings concur with
Lee et al. (1994) findings. The addition
of antioxidant agents to oil was very
effective, since the TBARS values after
7 days of heating were significantly less
than the values of oil without adding
antioxidants. The effects of adding
antioxidant agents (BHT and tannic acid)
on peroxide value of oil were tested after
heating oil at 80°C, for 5hrs daily for7
days. Both of antioxidant agents
effectively reduced the oxidation rate in
oil, as detected by decrease in TBARS
values, compared to oil without them.
Tabulated data showed that heating
of oil substantially reduced the iodine
numbers. The loss of hydrogen near the
double bond and creation of free radicals
during oxidation, which was the result of
a complicated series of chemical
processes, caused a reduction in the
amount of total unsaturated oil. As a
result, heating is what accelerates oil
oxidation resulted in a maximum fall in
iodine levels (Paz and Molero, 2001).
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By measuring the iodine value during
heat treatment, a progressive reduction in
unsaturated bonds was found in all
examined materials. This decline might
be explained by the double bonds being
broken down by polymerization, scission
and oxidation. After heating oil for 7
days, at 80°C for 5 hours/ day, and the
impact of adding antioxidants (BHT and
tannic acid) on iodine number of oil was
examined. Increases in iodine numbers
compared to control samples (oil without
antioxidants) were observed, which show
that both antioxidants had significant
impacts on slowing the rate of oxidation
of oil. These findings are consistent with
those found by Naz et al. (2005).
According to Tena et al. (2014),
frying causes oil to degrade by collecting
polar molecules, which involves a
number of physicochemical events such
thermo-oxidation, hydrolysis and
polymerization. Triacylglycerols that
have been oxidized, dimerized or
polymerized, as well as diacylglycerols
and free fatty acids are examples of polar
molecules. They come from

triacylglycerols and speed up the

breakdown of oil. These degradation
products eventually build up in fried
food due to mass transfer processes,
which lowers the nutritional value of
both oil and meal (Zhang et al., 2012).

The capacity to maintain its
properties throughout heat processing is
one of the most crucial requirements for
an appropriate antioxidant in oils and
fats. It has been demonstrated that most
naturally occurring additives in various
edible oils have more antioxidant activity
and thermal stability than synthetic ones
(Taghvaei andJafari, 2015). The
development of these secondary
oxidation products may be postponed by
antioxidants. However, the most of
natural and synthetic antioxidants were
found to be more effective at a prolonged
frying temperature (Marmesat et al.,
2010).

In summary, it could be shown that
subjecting the tested oil to thermal
treatment caused significant changes to
its chemical composition. This might be
because heat changes unsaturated fatty
acids, which therefore changes the
characteristics of oil.
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Table (4): Effect of natural and synthetic antioxidant agents on oil stability, during
heating oil daily, to 80°C, for 5hrs, for 7days.

Acid value after 7days (mg KOH/qg)

Synthetic
Concentration gf ;te:,%l C;(;?e'c:;) I Date kernel Palm fronds antioxidant agents
of extracts time days Aqueous | Ethanolic | Aqueous | Ethanolic zggnlc BHT
100pDM 0.56700 0.7000 0.7440 0.6410 0.7410 0.8180
pp +0.0020 +0.0030 +0.0050 +0.0019 +0.0020 | +0.0012
20000m 0.0080 2.3850 0.5120 0.6470 0.6510 0.6190 0.7490 0.7990
pp +0.0001 | £0.0100 | #0.0017 +0.0040 +0.0020 +0.0020 +0.0030 | +0.0021
50000m 0.2170 0.1980 0.2780 0.2490 0.4580 0.3220
pp +0.0015 | +0.0006 | +0.0030 | +0.0011 | +0.0018 | +0.0017
Peroxide value after 7 days (mlequl/kg)
Synthetic
Concentration gf ;terr(())l Ca(;?;:? || Date kernel Palm fronds antioxidant agents
of extracts time days Aqueous | Ethanolic | Aqueous | Ethanolic Z:igmc BHT
1000pm 2.8009 2.2871 2.8928 2.1008 2.0699 2.0786
PP $0.0107 | +0.01300 | +0.0099 | +0.0107 | +0.0110 | +0.0150
2000DM 0.0140 11.0990 1.8017 1.6001 24011 1.4002 1.9125 1.5810
pp +0.0006 +0390 +0.0070 +0.0068 +0.0097 +0.0080 +0.0099 | +0.0070
50000m 0.8990 0.7909 0.9048 0.8001 0.9073 0.1270
pp +0.0029 +0.0060 +0.0049 +0.0023 +0.0041 | +0.0010
TBARS after 7 days (mg/kg)
Synthetic
Concentration (a:to Qterr?)l %(])(?;rr;) I Date kernel Palm fronds antioxidant agents
of extracts time days Aqueous | Ethanolic | Aqueous | Ethanolic ;’Cair;mc BHT
1000Dm 0.1170 0.0730 0.1540 0.0940 0.0990 0.0940
pp +0.0009 +0.0007 +0.0009 +0.0003 +0.0006 | +0.0002
0.0790 0.0490 0.1180 0.0410 0.0710 0.0810
200ppm 360(?07100 367(?8200 £0.0007 | +0.0004 | +0.0005 | +0.0007 | +0.0002 | +0.0003
50000mM - - 0.0150 0.0090 0.0140 0.0110 0.0190 0.01200
pp +0.0002 +0.0002 +0.0002 +0.0003 +0.0005 | +0.0001
lodine number after 7 days (g 1,/1009)
Synthetic
Concentration gto Qte';c(;l (;?(g:rr? I Date kernel Palm fronts antioxidant agents
of extracts time days Aqueous | Ethanolic | Aqueous | Ethanolic T:;glc BHT
100pom 103.87 105.93 106.39 107.400 108.190 | 108.810
PP +0.5874 | 05007 | +05701 | #0.5200 | +0.6140 | +0.5412
20000m 111.69 97.14 105.59 107.72 109.67 108.830 109.920 | 109.189
PP +0.5378 | 0.4897 | +0.4895 | +0.5070 | +0.6002 | +0.5794 | +0.5311 | +0.5221
50000m 110.01 110.99 111.66 110.600 111.090 | 110.910
pp +0.5991 +0.5006 +0.5167 +0.5394 +0.5250 | +0.5475

Values are mean +SD, n=3

control sunflower oil free antioxidants
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The feasibility economical of date of time.
palm kernel waste Table (6) indicates that the equations
Table (5) shows the development of of the general time trend, the quantity
the quantity and price of date kernel and the price of date kernel waste in
waste from 2014 to 2023. It is clear from Egypt during the period of 2014-2023. It
the first equation (Table 6) that the also appears from the second equation
quantity of date kernels in Egypt that the price of date palm kernels in
increased by an annual statistically Egypt increased by an annual statistically
significant amount of about 1.74 kg/ton. significant amount of about 1.5 pounds/
The coefficient of determination was kg. The determination coefficient was
about 0.96, meaning that about 96% of about 0.98, meaning that about 98% of
the changes in the quantity of date palm the changes in the price of the date palm
kernels are due to some variables whose kernels are due to some variables that
effect reflects the impact of the element reflect their impact on the time factor.

Table (5): Development of the quantity and price of date kernel waste from 2014 to

2023

Year Quantity (Ton) Price (LE)/ kg
2014 2.2 1.75
2015 2.3 1.75
2016 2.6 2.00
2017 2.5 2.25
2018 3.4 2.50
2019 35 2.60
2020 3.7 2.75
2021 3.8 3.00
2022 4.5 3.25
2023 5.0 3.25

Table (6): Equations of the general time trend, quantity and price of date kernel waste
in Egypt, during the period of 2014-2023

No. Equations R2 F
1(Y1) | Quantity (Ton) | Y1=0.298+1.740 X (15.6) (14.6) | 0.96 | 243.7
2(Y2) | Price (LE)/ kg Y2 =424 + 1. 5x (2.4)** (22)** 0.98 | 4845

Where: Y1=amount of date kernel waste, Y2 = Price of date
kernel, Xi = time variable where i (1, 2, 3, .........., 10).

The value in parentheses indicates the calculated (T) value, (R2) the coefficient of determination, (F) the
significance of the model as a whole. (*) indicates the significance of the regression coeffi
cient.
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CONCLUSION

Numerous sources of protein,
dietary fiber, oil and carbohydrates can
be found in date kernels and palm
fronds. They also include bioactive
phenolic compounds, that may have
many biological effects. Date seeds are
also excellent for usage in dietary
supplements and  food  product
formulation due to their rich chemical
content. It may be argued that the
aqueous and ethanolic extracts of date
kernel and palm frond had antioxidant
capabilities and might be used as
substitute natural antioxidants with a
variety of food applications. There is a
need for further research on palm fronds,
that date seeds and palm fronds are both
worthwhile investments.
Conflicts of Interest

The authors declare no conflict of
interest in this review.

REFERENCES

Abdelaziz, D.H, Ali, S.A. and Mostafa,
M.M. (2015) “Phoenix dactylifera
seeds ameliorate early diabetic
complications in streptozotocin-
induced diabetic rats”, Pharm. Biol.
53(6). 792-799.

Abiola, T., Dibie, D.C., Akinwale, O.J.,
and Shomuyiwa, O.A. (2018).
“Assessment of the Antidiabetic
Potential of the Ethanolic Extract
of Date Palm (Phoenix dactylifera)
Seed in Alloxan-Induced Diabetic
Rats”, J. Diabetes Metab. 9(1).784.

Agoudjil, B.; Benchabane, A;
Boudenne, A.; Ibos, L.;, and Fois,

M. (2011). Renewable materials to
reduce  building  heat  loss:

Characterization of date palm
wood, Energy and Buildings, 43(2-

3): 491-497.
Al-Awa, ZFA., Sangor, FIMS., Babili,
SB., Saud, A., Saleem, H. and

Zaidi, SJ. (2023). Effect of Leaf
Powdering Technique on the
Characteristics of Date Palm-
Derived Cellulose, ACS Omega
2023, 8, 18930-18939,
https://doi.org/10.1021/acsomega.3
c01222

Al-Farsi, M. A. and Lee. C. Y. (2008).
Nutritional and functional
properties of dates: A review. Crit.
Rev. Food Sci, Nutr. 48: 877-887.

Al-Farsi, M.A. and Lee,C.Y, (2011).
Usage of date (Phoenix dactylifera
L.) seeds in human health and
animal feed. In: V.R. Preedy, R.R.
Watson and V.B. Patel (ed.), Nuts
and Seeds in Health and Disease
Prevention, Elsevier, 2011, 447-
452.

Al-Farsi, KA., Al-Habsi, NA., and Al-
Khusaibi, M. (2018). The Potential
Antioxidant Properties of Date
Products: A Concise Update, The
Canadian Journal of  Clinical
Nutrition, 6 (2): 84-104.

Al Ghezi, NAS., Aum El-Basher H. J.
Al-Mossawi, AEHJ. and Al-
Rikabi, AKJ. (2020). Antioxidants
Activity of Date Seed Extraction of
Some Date Varieties, Medico-legal
Update, 20 (1): 922- 928, DOI:
10.37506/v20/i1/2020/mlu/194714

Alharbi, K.L., Raman, J. and Shin, H.-
J. (2021). Date Fruit and Seed in
Nutricosmetics. Cosmetics, 8, 59.

- 309 -



Maha M. Tawfik et. al, 2024

https://doi.org/10.3390/
cosmetics8030059

Alkhoori, M.A.; Kong, AS.-Y,;
Aljaafari, M.N.; Abushelaibi, A.;
Erin Lim, S.-H.; Cheng,W.-H.;
Chong, C.-M. and Lai, K.JS.
(2022). Biochemical Composition
and Biological Activities of Date
Palm (Phoenix dactylifera L.)
Seeds: A Review. Biomolecules,
12, 1626. https://
doi.org/10.3390/biom12111626

Al-Sharjabi, F.A. (2005). Bio. Chem.
and Nutritional Studies on some oil
seeds. Ph.D. Food Sci. and Tech.,
Faculty of Agriculture, Assiut
University

AOAC. (2012). Official methods of
analysis, 19" edition Association of
Official ~ Analytical ~ Chemists.
Washington DC

Bouhlali, E., Alem, C., Ennassir, J.,
Benlyas, M., Mbark, A.,
Zegzouti, Y. (2017).
Phytochemical compositions and
antioxidant capacity of three date
(Phoenix dactylifera L.) seeds
varieties grown in the South East
Morocco. J Saudi Soc Agric Sci
16(4): 350-357.

Buford, R. (1988). Extending shelf life
by using traditional phenolic
antioxidants. Cereal Food World,
32(2): 207-212.

Cam, M. and Hgl, Y. (2010).
Pressurised water extraction of
polyphenols from pomegranate
peels. Food Chem. 123(3):878-885.

Chakroun, M., Khemakhem, B., Ben
Mabrouk, H., ElI Abed, H.,
Makni, M., Bouaziz, M., Drira,
N., Marrakchi, N.andMejdoub.
H. (2016). “Evaluation of anti-
diabetic and anti-tumoral activities
of bioactive compounds from
Phoenix dactylifera L's leaf: In
vitro and in vivo Approach”,
Biomed. Pharmacother, 84. 415-
422,

Chu, W.L.; Yen-Wei, L.; Ammu, K.R.
and Phaik-Eem, L. (2010).
Protective effect of aqueous extract
from Spirulina platensis against cell
death induced by free radicals.
MBC Complementary and
Alternative  medicine,  10:1-8.
https://doi.org/10.1186/1472-6882-
10-53

Faiad, A.; Alsmari, M., Ahmed,
M.M.Z.; Bouazizi, M., Alzahrani,
B.;, and Alrobei, H. (2022). Date
Palm TreeWaste Recycling:
Treatment and Processing for
Potential Engineering Applications.
Sustainability,14:1134.
doi.org/10.3390/ su14031134

Idowu, AT, Benjakul, S.,
Sinthusamran, S., Sookchoo, P.
and Kishimura, H. (2019). Protein
hydrolysate from salmon frames:
Production, characteristics and
antioxidative activity. J Food
Biochem. 43(2), e12734,
doi.org/10.1111/jfbc.12734

Idowu, AT., Igiehon, OO., Idowu, S,
Olatunde, OO. and Benjakul, S.
(2021). Bioactivity Potentials and



https://doi.org/10.3390/
https://doi.org/10.1186/1472-6882-10-53
https://doi.org/10.1186/1472-6882-10-53
https://doi.org/10.3390/
https://doi.org/10.1111/jfbc.12734

Maha M. Tawfik et. al, 2024

General  Applications of Fish
Protein Hydrolysates Int. J. Pept.
Res. Ther. 27 109-118.

Johnson, D. V., Al-Khayri, J. M. and
Jain, S. M. (2013). Seedling date
palms (Phoenix dactylifera L.) as

genetic resources,Emir. J. Food
Agric., 25 (11): 809-830

doi: 10.9755/ejfa.v25i11.16497

John, JA. and Shahidi, F. (2019).

Phenolic content, antioxidant and
anti-inflammatory  activities  of
seeds and leaves of date palm
(Phoenix dactyliferaL.), J. Food
Bioact., 5, 120-
130, 10.31665/JFB.2019.5179

Jung, S., Nam, K.C. and Jo, C. (2016).
Detection of malondialdehyde in
processed meat products without
interference from the
ingredients. Food Chem., 209, 90—
94. [Google Scholar] [CrossRef]

Kim, G.H., Kim, J.E. and Rhie, S.J.
(2015). The role of oxidative stress
in neurodegenerative diseases. Exp
Neurobiol, 24, 325-340

Lattimer, J.M. and Haub, M.D.
(2010). Effects of Dietary Fiber and
Its Components on Metabolic
Health. Nutrients, 2, 1266-1289.
[CrossRef] [PubMed]

Lee, K.T. S.M. Park, Y.G. Hwang, and
0.J. Kang. (1994).Physico-
chemical characteris-tics of oil
during heating and frying. J.
Korean Soc. Food Nut. 23: 654-
658.

Magsood, S., Kittiphattanabawon, P.,
Benjakul, S., Sumpavapol, P,
Abushelaibi: A (2015).

Antioxidant  activity of date
(Phoenix dactylifera var. Khalas)
seed and its preventive effect on
lipid oxidation in model systems.,
Int Food Res J 22: 1180-1188.

Magsood, I.; Bushra, T.; Muzammil,
H.N.; Wardha, M.; Zarafshan,
B.; Ayesha, J. and Shahzadi, S.
(2017). Pharmacokinetic study of
atorvastatin  after single dose
administration among Pakistani
population. Pak. Armed Forces
Med. J., 67(4):656-662.

Marmesat S, Morales A, Velasco J,
Dobarganes MC (2010). Action
and fate of natural and synthetic
antioxidants during frying. Grasas
y aceites 61:333-340

Mrabet, A.; Hammadi, H.; Rodriguez-
Gutiérrez, G.; Jiménez-Araujo,
A.;, and Sindic, M. (2019). Date
palm fruits as a potential source of
functional dietary fiber: A review.
Food Sci. Technol. Res. 2019, 25,
1-10. [CrossRef]

Muscolo, A., Papalia, T., Settineri, G.,
Mallamaci, C. and Panuccio,
M.R. (2019). Sulfur bentonite-
organic-based fertilizers as tool for
improving bio-compounds  with
antioxidant activities in red onion.
J. Sci. Food Agric., 100, 785-793.
[CrossRef] [PubMed]

Naz, S.; H. Sheikh, R.Siddiqi and S.A.
Sayeed, (2005). Deterioration of
olive, corn and soybean oil due to

air, light heat and deep-frying.
Food Research International 38:
127-134.

-311-


https://doi.org/10.31665/JFB.2019.5179
https://scholar.google.com/scholar_lookup?title=Detection+of+malondialdehyde+in+processed+meat+products+without+interference+from+the+ingredients&author=Jung,+S.&author=Nam,+K.C.&author=Jo,+C.&publication_year=2016&journal=Food+Chem.&volume=209&pages=90%E2%80%9394&doi=10.1016/j.foodchem.2016.04.035
https://doi.org/10.1016/j.foodchem.2016.04.035

Maha M. Tawfik et. al, 2024

Paz, 1. and M. Molero. (2001). Study of

the thermal stability of edible
vegetable  oils in  different
environments. Afinidad, 58 (493):
190-196.

Platat, C., Hillary, S., Tomas-
Barberan, F.A., Martinez-

Blazquez, J.A., Al-Megbali, F.,
Souka, U., Al-Hammadi, S. and
Ibrahim, W. (2019). Urine
metabolites and antioxidant effect
after oral intake of date (Phoenix
dactylifera L) seeds-based
products (powder, bread and
extract) by human. Nutrients, 11,
2489. [CrossRef]

Prieto, P., Pineda, M. and Aguilar, M.
(1999). Spectrophotometric
Quantitation of Antioxidant
Capacity through the Formation of
aPhosphomolybdenum  Complex:

Specific  Application to the
Determination of Vitamin E. Anal.
Biochem., 269, 337-341.

[CrossRef] [PubMed]

Prosky , L., Asp, N.G., Schweizer, T.
F., Devries, J. W. and Furda, I.
(1988). Determination of insoluble
and soluble and total dietary fiber
in Food products: Inter Laboratory
study. J. Assoc. off. Anal. Chem.,
71:1017 — 1023

Saryono, D E., Proverawati, A,
Sumeru, A., Setiyani, R., Upoyo,
A., and Kamaludin, R. (2019).
Date seeds (Phoenix dactylifera L.)
consumption as anti-inflammatory
and immunostimulant: A

systematic review. I0P Conf Ser
Earth Environ Sci 250: 012038.
Saryono, DE., Warsinah, 1., and
Sarmoko, A. (2020) Anti-
inflammatory activity of date palm
seed by downregulating
interleukin-1, TGF-B,
cyclooxygenase-1 and -2: A study
among middle age women. Saudi
Pharm J 28(8): 1014-1018
Sayas-Barbera, E.; Martin-Sanchez,
A.M.; Cherif, S.; Ben-Abda, J.;,
and Pérez-Alvarez, J.A. (2020).
Effect of date (Phoenix dactylifera
L.) pits on the shelf life of beef

burgers. Foods 2020, 9, 102.
[CrossRef] [PubMed]
Shafiei, M., Karimi, K. and

Taherzadeh, M.J. (2010). Palm
date fibers: Analysis and enzymatic
hydrolysis. Int. J. Mol. Sci., 11,
4285-4296.[CrossRef] [PubMed]

SPSS (2000). Statistical package for
Social ~ Sciences. SPSS  for
Windows, Version 10, SPSS Inc.,
Chicago, IL, USA.

Taghvaei, M.;, and Jafari, S.M. (2015).
Application and stability of natural
antioxidants in edible oils in order
to substitute synthetic additives, J
Food Sci Technol, 52(3):1272-
1282, DOl 10.1007/s13197-013-
1080-1

Tang, Z.X., Shi, L.E. and Aleid, S.M.
(2013). Date fruit: Chemical
composition, nutritional and
medicinal values, products. J. Sci.
Food Agric. 2013, 93, 2351-2361.
[CrossRef]

-312 -



Maha M. Tawfik et. al, 2024

Waksmundzka —

Tena N, Aparicio-Ruiz R, and Garcia-

Gonzélez D (2014) Use of polar
and nonpolar fractions as additional
information sources for studying
thermoxidized virgin olive oils by
FTIR. Grasas y Aceites 65:30.
d0i:10.3989/gya.121913

Hajnos, M.,
Oniszczuk, K. Szewczyk, A., and
Wianowska, D. (2007). Effect of
sample-preparationmethods on the
HPLC quantitation of some
phenolic acids in plant materials.
Acta Chromatographica, 19, 227-
237.

Xu, B. J. and Chang, S. K. C. (2007). A

comparative study on phenolic
profiles and antioxidant activities
of legumes as affected by
extraction solvents. Journal of Food
Science 72, S159-5166.

Yusoff, S. (2006). Renewable energy

from palm oil-innovation on
effective utilization of waste. J.
Clean. Prod. :14:87-93

Zafar, S. (2021). Biomass Potential of

Date Palm Wastes. Available
online:

https://www.ecomena.org/biomass-
date-palm-wastes/ (accessed on 12

November 2021).

Zeb, A. and Ullah, FA. (2016). Simple

spectrophotometric method for the
determination of thiobarbituric acid
reactive substances in fried fast
foods. J. Anal. Methods Chem.,
9412767. 5
pageshttp://dx.doi.org/10.1155/201

6/9412767 [Google  Scholar]
[CrossRef] [PubMed][Green
Version]

Zhang Q, Ahmed SM, Saleh JC, and

Shen Q (2012)  Chemical
alterations taken place during deep-
fat frying based on certain reaction
products: a review. Chem Phys
Lipids 165:662-681

- 313 -


https://www.ecomena.org/biomass-date-palm-wastes/
https://www.ecomena.org/biomass-date-palm-wastes/
https://scholar.google.com/scholar_lookup?title=A+simple+spectrophotometric+method+for+the+determination+of+thiobarbituric+acid+reactive+substances+in+fried+fast+foods&author=Zeb,+A.&author=Ullah,+F.&publication_year=2016&journal=J.+Anal.+Methods+Chem.&pages=9412767&doi=10.1155/2016/9412767&pmid=27123360
https://doi.org/10.1155/2016/9412767
https://www.ncbi.nlm.nih.gov/pubmed/27123360
http://downloads.hindawi.com/journals/jamc/2016/9412767.pdf
http://downloads.hindawi.com/journals/jamc/2016/9412767.pdf

Maha M. Tawfik et. al, 2024

@l padla)

AAM Ladita 4 o5 culadiial pail) Al duel ) 1 cile Lal) cildlig e 5 AELY)
Adle 4de dad ey

Yoaa gl ae i ) i cuad Gl oY Al anb) ) desa zlaw ) (BB g sala Lga
é‘)m.q‘\\“l\q E‘}e;l\ A_}r_\))l\ LLN_M‘ ﬁf‘%&Y\%}J&QFWLWM\Q}A}J&Q}Mﬁﬁl
s\YT\‘\B)':\.;“ ‘:L}:\J‘)j\g_\_,;\j\ ‘)S‘)A‘:\:\.\GY\k\;)})&@}m&w&uﬂ;ﬂ\jﬂ\\:\;}!)ﬁu_’xﬁﬁz

: soheirkenawy@yahoo.comala) yali*
Canus s el (553 8 Clalime By (5 sima s A3 Aal) oy sa Adlall Al 52l (e Cagl)

Sl Gaen BHT plasiul) &5 HPLC dasd 52 4l 5ill S 5all 33586 DPPH (553 zeul) Llis
Jaaill Can s il 31 5l 4 Y 5 dilall cilealiinall Y ALY 3 2uSU solias duclia Jul gaS
Ghem O Yoo e S 5 JSU mllall aladall ) bl G cdpapda sansl ClaliasS
o3l Gl anli Wl Yy ccileba © Baal dygia daa Av 5ol a a0 e L Loy (sl
Lol Aal) aps o5 LS (g2l AN STBARS e s pall o 5 cpamalall o8 ) dad a6 dlaud
A e Sl Mea) J5id (s sina o (g 5ind el 8l 5 of il el s, Jaadl) cildlie (e saldiudl
gl e i el @S5 e Ul Jail G o ging LS all Ji5 Conas 3 53 5a all
Ol Ay gl LS el e Gapaill SHPLC e Jeasiall milill Gay | Jg bS5l
Clalime e 9 gl pall Al o ) il adn | Sl Coa (e cliad ) (aes 5 J i o )l
© 53al 4y e A 0 Av e Al day Sy Gallad L Gresd ) (6 Laplall 5 e LilauaY) 50SY)
el Vs clels

Cann g il (595 (e Aaauall mdall 3008y clalias Al o ) Allal Aul ) cuals
A clinlaill e sl Ll Hlalaal) e AA L LSy 5 ol Y1 andl Jids o S Jal
AL Ll 500SY) CaliaS

HPLC. ¢l ¥ gl 32uSY) labicas ¢ Jodill Camus ¢ yaill 31 53 sAualifal) culalgl)

-314-



