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The aim of this study was to assess the nutritional properties of male date palm flower (MDPF) via determin-
ing its mineral, amino acid and bioactive compounds profiles and to investigate its antioxidant and antibacte-
rial activities in order to prove its possible use as a healthy and potential natural source in human dietary
diets. Results showed that MDPF is an excellent source of minerals especially regarding its high potassium
and phosphorus contents (2684.23 and 318.66 mg/100 g, respectively). Moreover, the amino acids profile of
MDPF showed considerable amounts supplying the human requirements. The phytochemical compounds
analysis showed high content of polyphenol and flavonoids (3829.22 mg EAG/100 g and 168.31 mg EQ/
100 g, respectively) promoting high antioxidant activity. The quantitative and qualitative analysis (LC-ESI-
MS) of phenolic acids and flavonoids led to the identification of 18 phenolic compounds that were dominated
by quinic acid (84.52%). The MDPF extract showed a potential antioxidant activity determined by different
tests, namely DPPH radicals scavenging activity, ferric reducing power assay, ferrous ion chelating capacity
and B-carotene bleaching assay. The MDPF also exhibited significant antibacterial activity against some
tested bacteria. In conclusion, owing to its nutritional profile and biological activities, MDPF could be consid-
ered as potential functional-ingredient for food applications.

© 2020 SAAB. Published by Elsevier B.V. All rights reserved.

1. Introduction

To guarantee the nutritional values as well as the biological activi-
ties of foods, this latter should be analyzed in order to ensure con-
sumer satisfaction and on the other hand the correct functions of the
body. Among the essential elements required for the good perfor-
mance of the human body, there are minerals and amino acids.
Indeed, deficit intakes of essential elements caused deficiency syn-
dromes whereas excessive intake could produce a negative impact
on health (Goldhaber, 2003) which make the determination of essen-
tial elements profiles in food a primordial step to judge their quality.
In addition, the presence of polyphenolic compounds in diets is with
great interest as they were found to exhibit a wide range of biological
activities, e.g.: Antioxidant, anti-inflammatory, anti-cancer and anti-
microbial activity (Andriani et al., 2019) and to be an effective natural
food preservatives, impeding microbial contamination and oxidative
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deterioration (Oniszczuk et al.,, 2019). According to the literature,
some bacterial strains have dangerous effects on the human body
such as Listeria monocytogenes and Staphylococcus aureus. In fact,
L. monocytogenes was known as a harmful bacterium for foetuses
able to cause several infections by crossing the placenta and S. aureus
was known for the production of several types of enterotoxins lead-
ing to gastroenteritis and for its resistance to a number of phyto-
chemical compounds (Halpin-Dohnalek and Marth, 1989; Makhlouf-
Gafsi et al., 2018). Nevertheless, the plants are a source of many sub-
stances improving the functioning of the human organism and its
well-being (Costa et al., 2013).

The date palm (Phoenix dactylifera L.) could be defined as a dioe-
cious species with separate male and female trees from the Arecaceae
family. It constitutes a principal source of food and a vital supply for
people living in the arid and semiarid regions of the world. Phoenix
dactylifera date palm was widely used in traditional medicine to treat
different disorders which include inflammation, memory disturban-
ces, loss of consciousness, paralysis and nerve disorders and was
commonly utilized to increase fertility (Chandrasekaran and Bahkali,
2013; Hamed et al., 2017; Wan Ismail and Mohd Radzi, 2013). In fact,
the date palm did not only afford dates, but also other derivatives
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that can be used for various traditional and industrial activities. Among
these derivatives the male date palm flowers (MDPF) which are widely
used in the Arabian region for production of a tonic drink with anti-
diabetic and antioxidant effects as reported by Hamed et al. (2017).

In Tunisia, the male date palms are able to provide about 1575 ton-
nes/year of flowers (Karra et al., 2019) which constitutes an available
agro-resources that need to be valorized. To our knowledge, no study
has identified the nutritional elements in MDPF of Phoenix dactylifera
L. making this research a true reflection of this by-product importance.

The current work aimed to provide a value-addition to male date
palm by valorizing its pollen-free flowers since they could be a poten-
tial source of nutritional elements and therefore represents an alter-
native for the farmer to well benefit from the male date palm. This
work is the first study to assess the mineral and amino acid profile of
MDPF, to evaluate and identify its bioactive compounds and to deal
with their antioxidant and antibacterial properties.

2. Material and methods
2.1. Raw materials

Male date palm flowers (MPDF) used in this work were handily
collected in April 2015 from the region of Sfax, Tunisia. Fresh plants
were shaken to eliminate pollen then the flowers were separated
manually from spikelet. MDPF were then dried in a ventilate oven for
24 h at 40 °C to protect them from microbial alterations and milled
using a mechanical miller (Retsch GM200, Germany) with a rate of
8000 rpm for 2 min. The obtained homogeneous powder was stored
at 25 °C prior to chemical and physical determinations.

2.2. Chemical analysis

2.2.1. Mineral composition

To determine the mineral composition of MDPF, ashes were taken
after incineration at 550 °C for 8 h then dissolved in HCI 12N. The
mineral elements (K, Ca, Na, Mg, Pb, Fe, Zn and Cu) were analyzed
separately using an atomic absorption spectrophotometer (ICE3000,
Thermo scientific, USA).

2.2.2. Amino acid analysis

Amino acids profile was determined according to Bouaziz et al.
(2008). Sample was hydrolyzed with 6N hydrochloric acid at 110 °C
for 24 h then analyzed by an amino acid analyzer (BioChrom 20 Plus,
Cambridge, UK). Amino acids results were expressed as g/100 g sam-
ple and g/100 g protein.

2.3. Phytochemical analyses

2.3.1. Preparation of phenolic extracts

1 g of MDPF powder was extracted twice with 20 mL acetone—-
water (1:1, v/v), at room temperature 25 °C for 2 h using an orbital
shaker. The extract was then centrifuged at 3000 g, for 20 min and
the volume of the supernatant was used as phenolic extract.

2.3.2. Total phenolic content

The total phenolic content was determined according to the
adapted Folin—Ciocalteu method (Singleton Vernon et al., 1999). 500
uL of the extract was mixed with 2.5 mL of Folin—Ciocalteu reagent
1/10 in water and allowed to stand for 8 min. 2 mL of aqueous
sodium bicarbonate (75 g/L) was then added, and the mixture was
vortexed and allowed to stand in the dark at room temperature. After
15 min, the absorbance was measured at 765 nm using an UV spec-
trophotometer (Shimadzu, China). The total phenol concentration
was expressed as mg of Gallic acid equivalent (mg GAE) per 100 g of
dry weight of MDPF.

2.3.3. Total flavonoid content

Total flavonoid content of MDPF was determined according to
(Zhishen et al., 1999). 250 uL of the extract was added to 1 mL of dis-
tilled water and 150 L of sodium nitrite (150 g/L). The mixture was
vortexed and allowed to stand for 6 min at room temperature. Then,
75 wL of aluminium chloride (100 g/L) was added. After 5 min, 1 mL
of 1 M sodium hydroxide was added and the total was made up to
2.5 mL with distilled water. 15 min later, the solution absorbance
was measured at 510 nm using a spectrophotometer (Shimadzu,
Kyoto, Japan). The total flavonoid concentration was expressed as mg
of quercetin equivalent (mg QE) per 100 g of dry weight of MDPF.

2.3.4. Liquid chromatography-electrospray ionization-tandem mass
spectrometry (LC-ESI-MS) analysis

The MDPF extract was dissolved in methanol and the resulted
solution was filtered through a 0.45 wm membrane filter before
injection into the HPLC system. The method and the materials used
for LC-ESI-MS analysis was performed identically as described by Jdir
etal. (2017).

2.4. Antioxidant activity

2.4.1. Preparation of MDPF extract

For the antioxidant activity, 300 mg of MDPF powder were dis-
solved in 10 mL of distilled water using a vortex-mixer, the solution
was then centrifuged for 20 min at 3000 g and filtered. Serial dilu-
tions from the filtered supernatant of the aqueous extract were pre-
pared to test the antioxidant activity at different concentrations.

2.4.2. DPPH radical-scavenging capacity

Free radical scavenging activity of MDPF was estimated using the
DPPH (2,2-diphenyl-1-picrylhydrazyl free radical) assay according to
the method of (Bersuder et al., 1998). For each concentration, a vol-
ume of 500 uL of the extract was added to 375 wL of 99% ethanol
and 125 pL of DPPH solution (0.02% in ethanol) as free radical source.
Absorbance at 517 nm was determined after 60 min at 25 °C in the
dark. BHA was used as positive control. The radical scavenging activ-
ity was calculated as follows:

% inhibition = (Acontrol +Ablank _Asample)/ Acontrol) x 100

Acontrol: i the absorbance of the control reaction (containing all
reagents except the sample);

Apank: is the absorbance of blank containing the sample and ethanol;

Asample: is the absorbance of sample (with the DPPH solution).

2.4.3. Ferric reducing power assay

The ferric reducing antioxidant power (FRAP) of MDPF extract was
determined as described by (Yildirim et al., 2001). For each concentra-
tion, an aliquot of 1 mL sample was mixed with 2.5 mL of phosphate
buffer (0.2 mol/L, pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The
mixture was incubated at 50 °C. After 30 min of incubation, 2.5 mL of
10% trichloro acetic acid (TCA) were added to the mixture. 2.5 mL of
solution were mixed with 2.5 mL of distilled water and 0.5 mL of 0.1%
ferric chloride (FeCls), then left for 10 min. The absorbance was mea-
sured at 700 nm against a blank consisted of 1 mL distilled water
instead of the sample. BHA was used as reference.

2.4.4. Ferrous ion chelating capacity

The ferrous ion chelating capacity of MDPF was measured as
described by (Dinis et al., 1994). A volume of 500 L of the extract at
different concentrations was mixed with 50 uL of FeCl, (2 mM) and
1600 uL of distilled water. The mixture was left at room temperature
for 15 min. Then 100 uL of ferrozine (5 mM) were added, mixed and
left for 10 min. The absorbance was measured at 562 nm against a
control containing distilled water instead of the sample. EDTA was
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used as reference. The chelating antioxidant activity for Fe?* was
calculated as follows:

Chelating effect (%) = ((Acontrol _Asample) / Acontrol) * 100

2.4.5. [3-carotene bleaching assay

The aptitude of MDPF extract to inhibit the bleaching of 8-caro-
tene was determined according to (Koleva et al., 2002). Briefly, 1 mg
of B-carotene, 20 wL of linoleic acid and 200 uL of Tween 40 were
dissolved in 1 mL chloroform. Then, the solvent was completely
evaporated under vacuum at 40 °C. The resulting mixture was topped
up to 50 mL with ultrapure water and mixed. The obtained R-caro-
tene solution was freshly prepared before each experiment. For the
bleaching assay, 0.5 mL of the extract at different concentration was
added to 2.5 mL of the B-carotene—linoleic acid emulsion. The control
tube consisted of 0.5 mL distilled water instead of sample. The tubes
were placed in the dark in water bath and incubated at 50 °C for 2 h.
The absorbance was carried out at 470 nm. Each sample was mea-
sured at zero time and continued until the disappearance of B-caro-
tene color in the control (180 min). Distilled water served as blank
and BHA was used as positive standard. The antioxidant activity (A)
was expressed in terms of the bleaching of S-carotene as follow:

A= (1 - (Asamplet 0 min _Asamplet 180 min) / (Acontrolt. 0 min _Acomrolr, 180 min)) * 100

Acontrol, 0 min ad Acontrol, 180 min: 1S the absorbance of the control
reaction at 0 min and 180 min, respectively.

Asample, 0 min aNd Asample, 180 min:: iS the absorbance of sample at
0 min and 180 min, respectively.

2.5. Antimicrobial activity

Antimicrobial activity was performed following the method of
Vanden and Vlietinck (1991). The MDPF extract was tested against 8
strains of bacteria including 4 g-negative (Pseudomonas savastonoi,
Escherichia coli ATCC 10536, Salmonella enterica CIP 80.39, Agrobacte-
rium tumefaciens) and 4 g-positive (Bacillus subtilis ATCC 6633, S.
aureus ATCC 9144, Micrococcus luteus, L. monocytogenes). In fact, the
MDPF powder was dissolved in 100% dimethylsulfoxide (DMSO) and
the supernatant was sterilized by filtration through 0.22 ©m mem-
brane filter. The culture suspension (200 uL) of the tested bacterial
cells (estimated by absorbance at 600 nm) were spread on Luria-Ber-
tani (LB) Agar medium. Then, wells with 3 mm of depth and 4 mm of
diameter were fulfilled with 50 wl of sample. The well fulfilled with
only 50 uL of DMSO was used as a negative control. The Petri dishes
were incubated firstly for 4 h at 4 °C then for 24 h at 30 °C. Antibacte-
rial activity was assessed by measuring the diameter of the growth
inhibition zones in millimeters (including well diameter of 4 mm).
The antibacterial activities of MDPF extract for each strain were repli-
cated three times and the results of diameter measurements of each
essay were averaged.

Means and standard deviations for all experiments were obtained
using Microsoft Excel 2016, but no comparisons between samples
were done as only a single sample was used.

3. Results and discussion
3.1. Chemical analysis

3.1.1. Mineral composition

The mineral composition of MDPF was shown in Table 1. As could
be seen the MDPF are an excellent source of minerals, especially of
potassium and phosphorus and magnesium (2684.23, 318.66 and
140.72 mg/100 g, respectively). Regarding the macroelements con-
tent in MDPF, the obtained results were higher than that of saffron
elucidated by Serrano-Diaz et al. (2013) except for Ca, whereas, the

Table 1

Mineral composition of male date palm flowers.
Minerals mg/100 g dwb*
Macro-elements
K 2684.23 + 135.71
P 318.66 £ 0.01
Mg 140.72 +£ 12.77
Ca 14.25+0.93
Na 24.52 £ 0.95
Micro-elements
Cu 135+ 0.22
Fe 337+0.83
Zn 2.60 + 0.64

* dwb: dry weight basis.

microelements were higher than that determined for 12 edible flow-
ers in the work of Rop et al. (2012). Fernandes et al. (2017) reported
that a potassium-rich diet was recommended for the prevention of
cardiovascular diseases. Furthermore, Rop et al. (2012) reported that
a phosphorus-equilibrated diet contributes to the constitution of a
strong and healthy human skeleton and to nucleic acids formation.

Moreover, the mineral elements are indispensable for human bio-
logical processes, such they contribute to the constitution of the
human skeleton and of enzyme systems and to the regulation of
osmotic pressure (Rop et al., 2012). Considering the daily rations of
mineral recommended by the Dietary Reference Intakes (DRIs) for an
adult which were 2000 mg/day for potassium, 700 mg/day for Phos-
phorus and 375 mg/day for magnesium (Regulation(EU)No1169/
2011), the consumption of MDPF could help to supply the body
requirements for these minerals by 134.21%, 45.52% and 37.53%,
respectively. This confirm that the MDPF could be considered as a
potential source of minerals.

3.1.2. Amino acids analysis

The proteins present the second main component in MDPF as dem-
onstrated in a previous study (Karra et al., 2019). To assess the nutri-
tional quality of these proteins, the amino acid profile was analysed
and presented in Table 2. As can be seen, seventeen types of amino
acids were detected and identified. Glutamic (Glu) and aspartic acid
(Asp) showed the largest amount with 10.66 and 9.63 g/100 g of pro-
tein, respectively, followed by leucine (Leu), lysine (Lys), alanine (Ala),

Table 2
amino acid composition of male date palm flowers.
AA g/100 g Protein ~ WHO/FAO/UNU (2007)
g/100 g protein
Essential AA
Thr 333 23
Val 437 35
Met 1.32 1.6
Ile 3.58 3
Leu 6.50 59
Phe 3.14 3
His 1.81 1.5
Lys 5.30 45
Total EAA 29.35 27.7
Non essential AA
Asp 9.63
Ser 4.08
Glu 10.66
Pro 3.12
Gly 419
Ala 4.88
Cys 0.62 0.6
Tyr 2.56
Arg 3.91

Total NEAA  43.66
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valine (Val), glycine (Gly), serine (Ser), arginine (Arg), isoleucine (Ile),
threonine (Thr), phenylalanine (Phe), proline (Pro), tyrosine (Tyr) histi-
dine (His), methionine (Met) and cysteine (Cys). The results showed
that savoury amino acids percentages (Glu and Asp) dominated the
amino acid profile of MDPF and accounted for almost 28% of the total
amino acids which was in accordance with findings of Ananthan et al.
(2018) for different Naga king chilli fruit components ranging from 33
to 37%. In fact, high content of free glutamate contributes to add
umami taste to foods (Loliger, 2000; Zhang et al., 2013), which opens
the horizon to replace chemical additives such as monosodium gluta-
mate (E621) by glutamate extracted from natural resources. The pres-
ence of sulfur-containing amino acid (Met and Cys) contribute to
mechanisms detoxification and the presence of Arg and Tyr is consid-
ered indispensable for growing children (Mba et al., 2017). Moreover,
as could be seen from Table 2, the essential amino acids were present
in the MDPF except for tryptophan. In fact, it is important to note that
during acid hydrolysis, Tryptophan is completely destroyed, Cystine is
partially destroyed (about 30%) and Methionine can be partially
destroyed which leads to an underestimation of the total content of
amino acids. It was obvious that essential amino acid supplied by
MDPF were found higher than the reference value for adult’s amino
acid requirements (WHO/FAO/UNU, 2007). In addition, compared to
soy protein, which is considered a mineral-rich plant source, the MDPF
have higher values of most of the essential amino acids (Lecerf and
Fressin, 1995). So, the MDPF proteins are of a relatively important bio-
logical value in the human diet, considering their wealth in essential
amino acids.

3.2. Phytochemical analysis

Polyphenols and flavonoids are plant secondary metabolites and
classified as antioxidant compounds. No studies have been published
on the bioactive compounds of MDPF, thus, this study presents new
data that could be used as a basis for the elaboration of functional
food data charts.

Total phenolics (TPC) and total flavonoids (TFC) contents of dried
MDPF powder were presented in Table 3. The TPC of MDPF was rela-
tively high (3829.22 mg EAG/100 g). It was similar to that of artichoke
flower extracted with ethanol by decoction (3870 mg EAG/100 g)
(Mahmoudi et al., 2013), and much higher than 12 species of edible
flowers reported by Rop et al. (2012) (253—-528 mg EAG/100 g). In
comparison with olive leaf phenolics content (259-515 mg
EAG/100 g) (Aouidi and Hamdi, 2016) which are well known by their
active constituents, especially phenolic compounds, MPDF showed a
significantly higher amount of polyphenols. Thus, it can be consid-
ered as a good source of total phenolics promoting high antioxidant
capacities.

As regards to flavonoid contents, TFC value of MDPF (168.31 mg
EQ/100 g) was higher than the value of Deglet Nour (33 mg EQ/100 g)
(Benmeddour et al., 2013). Rop et al. (2012) have studied 12 species of
edible flowers and demonstrated that they contain high amounts of

Table 3

Phytochemical compounds and ICs, of male date palm flowers.
Parameter Value
TPC? 3829.22 +251.33
TEC” 168.31 + 5.052
DPPH (1C50)° 0.29
Reducing power (ICsp)° 5
Metal chelation (ICsp)¢ 4.6
B-bleaching assay (IC500)° 0.27

# mg GAE (Gallic Acid Equivalent)/100 g dwb.

> mg QE (Quercetin Equivalent)/100 g dwb.

¢ 1C50 (mg/ml): concentration for a 50% inhibition or chelating effect.
4 IC50 (mg/ml): concentration at which the absorbance is 0.5.

TFC (123-227 mg EC/100 g), which signifies that MDPF contains a con-
siderable quantity compared to some flowers. Indeed, an important
content of flavonoid could lead to a high antioxidant activity due to
positive correlation between these two parameters (Mato et al., 2000).

Both phenolic compounds and flavonoids are very important
because of their free-radical scavenging activity and protection
against oxidative stress (Xu and Chang, 2007). In addition, the high
phenolic content could have a beneficial effect on human health that
may prevent some diseases such as cancer and heart coronary dis-
eases (Besbes et al., 2009).

The high-performance liquid chromatography coupled to electro-
spray ionization tandem mass spectrometry (LC-ESI-MS) analysis of
MDPF extract has led to the identification of 18 phenolic compounds
by comparing retention times and mass spectra with those of the
authentic standards. So far, there are no studies about the identifica-
tion of phenolic compounds in MDPF. As illustrated in Table 4, the
identified compounds were essentially 8 phenolic acids and 10 flavo-
noids. Phenolic acid constitutes the major group accounting for
90.65% among the total identified compounds with domination of
the quinic acid (93.24% of the total phenolic acids and 84.52% of the
total phenolic compounds). In fact, it was reported that quinic acid
has an important role in the biosynthesis of aromatic compounds in
the plants (Hulme, 1958). The quinic acid was found to be able of con-
version to tryptophan and nicotinamide via the gastrointestinal tract
microflora which provides an in situ physiological source of these
essential metabolic ingredients to humans (Pero et al., 2009). In addi-
tion, Cinkilic et al. (2013) have reported that quinic acid, as well as
several of its derivatives, have been shown to protect human lym-
phocytes from damage induced by X-ray and to prevent the DNA
damage. It is to note that the esterification of caffeic acid, a phenolic
compound present in MDPF, with quinic acid leads to the formation
of chlorogenic acid. The latter was known to be associated with sev-
eral health benefits such as reduction of the relative risks of cardio-
vascular disease, diabetes type 2, Alzheimer’s disease, and
contributing to antibacterial and anti-inflammatory effects (Farah
et al., 2008). Comparing to the literature many of the identified com-
pounds had potent antioxidant potential with ICso values less than
20 pg/ml (Jdir et al., 2017) which emphasizes the consumption of
food products supplemented with MDPF powder to obtain a balanced
and healthy diet.

Table 4
LC-ESI-MS analysis of the male date palm flowers extract.
No® Compound® m/z Retention Content (ug/g

time (min) extract)

1 Quinic acid 191 6.491 99.720
2 Gallic acid 169 7.846 0.576
3 Protocatechuic acid 153 11.227 2.682
4 Catechin 289 16.250 2.807
5 Caffeic acid 179 21.328 0.286
6 Syringic acid 197 23.879 0.185
7 Epicatechin 289 26.794 2323
8 p-Coumaric acid 163 33.526 1.625
9 trans-Ferulic acid 193 42.445 1.194
10 Rutin 609 59.291 0.906
11  Lutolein-7-0-glucoside 447 61.288 0.432
12 Quercitrin (Quercetin-3-0- 447 67.446 2.224
rhamonoside)
13  trans-Cinnamic acid 147 79.144 0.677
14  Quercetin 301 80.458 1.449
15  Kaempferol 285 81.083 0.238
16  Naringenin 271 87.159 0.067
17  Apigenin 269 89.501 0.009
18  Luteolin 285 90.699 0.581

2 The numbering refers to elution order of compounds from an Aquasil C18
column.
b Identification was confirmed using 33 authentic commercial standards.
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3.3. Antioxidant activity

Vegetables contain different antioxidant compounds and the
determination of the antioxidant capacity of each compound individ-
ually is very difficult. That is why, it seems necessary to combine
more than one method in order to determine in vitro, the antioxidant
capacity of foodstuffs (Pérez-Jiménez et al., 2008). Hence, DPPH radi-
cal scavenging, the ferric reducing antioxidant power (FRAP), the fer-
rous ion chelating capacity and B-carotene bleaching assays were
performed to estimate in vitro antioxidant activities of MDPF.

3.3.1. DPPH radical-scavenging capacity

DPPH is a stable organic free radical which is commonly used for
evaluation of antioxidant activity and free radical scavenging ability of
plant extracts. In the DPPH test, the antioxidants reduce the violet-col-
ored DPPH radical (diphenylpicrylhydrazyl) to a yellow-colored com-
pound (diphenylpicrylhydrazine) and therefore induce the decrease in
absorbance at 517 nm. Fig. 1.A showed that the inhibition of DPPH radi-
cals by MPDF powder happened in a concentration-dependent manner.
The scavenging activity was ranged from 30% to 90%. From the concen-
tration of 0.8 mg of MPDF /ml the results of DPPH inhibition were close
to those obtained by BHA. The IC50 of MDPF (concentration that inhibits
50% of the DPPH radical) (0.29 mg/mL) was mentioned in Table 3. Com-
pared with other flowers, it was lower than that of extracts from various
colored cosmos (Cosmos bipinnatus) flowers reported by Jang et al.
(2008) (0.29 mg/mL against 0.61—1.65 mg/mL) and higher than fertil-
ized Rosa micrantha flower elucidated by Guimaraes et al. (2010)
(0.29 mg/ml against 0.11 mg/mL). In fact, it is well known that the lower
the value of IC 50, the better the activity.

A
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=
o
= 40 m BHA
£
20
O & | | | |
02 04 06 08 1
concentration (mg/mL)
100
C
1 =1 -
80 -
— P
X
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£ 40
£ mEDTA
20

5 10 15 20 25 30
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3.3.2. Ferric reducing power assay

The reducing power mechanism of antioxidant capacity is based
on the analyte ability to donate electrons to reactive radical cation,
reducing them to more stable and unreactive compound. In other
words, it measures the conversion of a Fe3* ferricyanide complex to
the ferrous form. The quantification of sample reducing power is
based on the principle of increase in the absorbance of the reaction
mixtures. Thus, Increase in the absorbance at 700 nm indicates an
increase in the antioxidant activity (Alam et al., 2013). As can be seen
from Fig. 1.B, the reducing power of the aqueous extract of MDPF
powder increased with increasing concentrations. BHA, used as posi-
tive standard, showed higher reducing power activities than MDPF at
all tested concentrations. The IC50 value of MDPF (concentration for
increasing 0.5 value in optical density) was equal to 5 mg/ml (Table 3).
It was close to that of Tricholomaportentosum (a wild edible mush-
room) reported by Ferreira et al. (2007) (4.82 mg/ml) and higher than
those of Opuntia ficus-indica flowers water extract indicated by
Ammar et al. (2015) (0.20—0.31 mg/mL).

3.3.3. Ferrous ion chelating capacity

The method of metal chelating activity is an important mecha-
nism of the antioxidant capacity which is based on the ability to che-
late/deactivate transition metals, that possess the ability to catalyze
hydroperoxide decomposition and Fenton-type reactions (Manian
et al., 2008). In fact, the iron is known as the most important lipid oxi-
dation pro-oxidant due to its high reactivity, that is why this assay is
of great significance as the chelation of ferrous ion is of great poten-
tial interest in the food industry. Analysis of the ferrous chelating
properties was revealed in Fig. 1.C which shows that MDPF powder,
all concentration tested, was capable of chelating Fe*? and did so in a

B 2.5
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Fig. 1. Antioxidant activity of male date palm flowers. A: DPPH radical-scavenging capacity; B: Reducing power assay; C: Metal chelating assay; D: B-bleaching assay.
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dose-dependent way. EDTA, a known metal ion chelator which was
used as reference, exhibited the highest chelating effect whatever the
concentration level. from a concentration of 20 mg of MDPF/mL, the
chelating capacity was stable and around 80%. The obtained results
showed that MDPF could be able to chelate Fe2+ known as the most
powerful prooxidant among different species of metal ions, and to
catalyze the formation of reactive oxygen species, such as hydroxyl
radical (-OH) (Abbes et al., 2013). The IC50 value (4.60 mg/mL) illus-
trated in Table 3 was much lower than those of date syrups ranged
between 6.12 and 36.15 mg/mL (Abbes et al., 2013) and those of fig
co-products which were between 47.34 and 56.35 mg/mL (Viuda-
Martos et al., 2015). Indeed, a low IC50 value promote a better reduc-
ing activity which add value to MDPF extract.

3.3.4. [3-carotene bleaching assay

Unlike other tests, S-carotene bleaching inhibition assay employs
a biologically substrate which can be oxidized to prove the extract’s
protective action. The S-carotene bleaching mechanism is based on
the principle that linoleic acid free radical, attacks the highly unsatu-
rated B-carotene and thus the molecules lose their double bonds by
oxidation and therefore the compound loses its characteristic orange
color. However, the presence of antioxidants could prevent the
extend of B-carotene bleaching by neutralizing the linoleate-free rad-
ical and other free radicals formed in the system leading to the
decrease of the discoloration which can be measured spectrophoto-
metrically (Pereira et al., 2007; Sowndhararajan et al., 2010). Fig. 1.D
showed that MDPF soluble fraction was able to inhibit the bleaching
of B-carotene in a concentration-dependent manner. The MDPF
revealed a high antioxidant potential similar to BHA since the con-
centration of 4 mg/ml. This better lipid peroxidation inhibition might
be due to the highest content and synergy between phenolic com-
pounds and flavonoids found in the sample. The IC50 value of MDPF
presented in Table 3 was less important than Rosa micrantha 1C50
values (Guimaraes et al., 2010) (0.27 mg/ml against 0.03—0.17 mg/
mL). However, it was much more important compared to bee pollen
ICso values reported by Morais et al. (2011) which means a better
protective action of MDPF (0.27 mg/mL against 3.11-6.52 mg/mL).

Although the chemical standards used in these assays, such as
BHA and EDTA, exhibited the highest antioxidant activity, natural
antioxidants are of growing interest. Indeed, the incorporation of
MDPF powder in food matrix could confer better solution to replace
chemical products used as antioxidant agents.

3.4. Antimicrobial activity

The antibacterial activity of MDPF extract was evaluated against
Gram-positive and Gram-negative bacteria by measuring the inhibi-
tion zone (IZ). As elucidated in Table 5, the MDPF showed varying
antibacterial behaviors against the tested bacteria. for the Gram-posi-
tive bacteria, MDPF exhibited a considerable antibacterial activity
expressed by a zone of inhibition greater than 10 mm except for
M. luteus. The most susceptible Gram-negative bacterium for the
MDPF extract was E. coli with IZ value equal to 12.1 mm whereas the
other Gram-negative bacteria were insensitive to the MDPF extract.
The obtained results were in accordance with previous studies show-
ing that Gram-negative bacteria, due to their outer membrane, are
more resistant to antibiotics and toxic drugs (Ruridn-Henares and
Morales, 2008). The antimicrobial activities of MDPF could be related
to the presence of phenolic compounds which are known as antimi-
crobial agents against several pathogens with variable activity spec-
tra as illustrated by Makhlouf-Gafsi et al. (2018). In addition,
flavonoids were demonstrated to have an antimicrobial effect on
Gram-positive or negative bacteria as reported by Kchaou et al.
(2016). Moreover, these results are of great importance as they dem-
onstrate the role of MDPF extract as a contributor to limit the harmful
effect of both L. monocytogenes and S. aureus which are known by

Table 5
Antibacterial activities of male date palm flowers extract
(inhibition zone in mm).

Bacterial strains MDPFsupernatant
Gram positive
Bacillus subtilis ATCC 6633 105+0.3
Staphylococcus aureus ATCC9144  11.1 £ 0.06
Micrococcus luteus 0
Listeria monocytogenes 12.1+0.1
Gram negative
Pseudomonas savastonoi 0
Escherichia coli ATCC 10536 121+£0.2
Salmonella enterica CIP 80.39 0
Agrobacterium tumefaciens 0

their ability to disturb the organism functioning (Halpin-Dohnalek
and Marth, 1989; Makhlouf-Gafsi et al., 2018). According to (Ramos
et al., 2014), it was proved that the presence of phenolic compounds
naturally presented in grape and grape juices, particularly polymeric
phenolic compounds: caffeic acid, gallic acid and flavonoids (rutin
and quercetin), may be responsible for its high antilisterial activity,
which could be the same case for MDPF.

In the agri-food field, these results could be useful to replace some
organic food preservatives such as benzoic acid (E210) as the gallic
and the protocatechuic acids are benzoic acid’s derivatives and are
known for their antibacterial and antioxidant effect (Alves et al.,
2013; Semaming et al., 2015)

4. Conclusion

The results of the current study showed that MDPF could be an
excellent source of minerals and amino acids, given its wealth in
macro and microelement satisfying the human body requirements
and in essential amino acids that exceed the references values.
Indeed, the MDPF was rich in glutamate. This amino acid can serve as
a flavor enhancer for canned food and thus its presence in the MDPF
is promising to replace some chemical additives having the same
role. Moreover, MDPF has high amounts in bioactive compounds and
their identification has demonstrated that quinic acid was the pre-
dominant phenolic compound giving promoting health benefits and
interesting physiologic activities. Additionally, it was proved that
MDPF powder revealed an important antioxidant capacity especially
via the DPPH radical scavenging assay and was able to partially
inhibit the proliferation of some bacterial strains. The richness of the
MDPF in phenolic compounds could confer to him beside its antibac-
terial and antioxidant activity, a preservative function and thus the
opportunity to replace certain chemical food preservatives such as
benzoic acid (E210). Consequently, from the obtained data, a high
nutritional value associated with a considerable antioxidant and anti-
bacterial activity predetermine MDPF powder to be a new and prom-
ising foodstuff that could be used as raw material for the production
of various food products in gastronomy.
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