DOI: https://doi.org/10.4314/njbmb.v40i2.14 NJBMB (2025) 40(2) 234-239

e-ISSN: 2659-0042

The Official Publication of the Nigerian Society of Biochemistry & Molecular Biology
(NSBMB). Journal homepage: https://www.nsbmb.org.ng/journals/

Comparative Evaluation of the Nutritional Composition and
Antioxidant Activity of Roasted and Unroasted Date Seed (Phoenix
dactylifera) Powder Extracts

Jamila A. Omale,"“>" Bintu M. Mofio!, Aminu Omale?, Funmilola Audu', Palmah M. Nyadar!, Suleiman M. Salisu?,
Sonia O. George?, Godwin O. Mohammed?, Wisdom O. Oniwon?®, Samuel A. Egu?,

! Department of Biochemistry, Faculty of Sciences, University of Abuja. Nigeria
2 Department of Pure and Industrial Chemistry, Faculty of Natural Sciences, Prince Abubakar Audu University, Anyigba. Nigeria
3 Department of Biochemistry, Faculty of Natural Sciences, Prince Abubakar Audu University, Anyigba. Nigeria

OPEN ACCESS ABSTRACT
o T The date seed (Phoenix dactylifera L.), a member of the Arecaceae family, produces seeds
omale].A. rich in dietary fiber, phenolics and essential nutrients. This study investigated the
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nutritional composition and antioxidant potential of roasted and unroasted Phoenix
dactylifera seed powder extracts. Proximate, vitamin and mineral analyses were
conducted using standardized methods. Roasting decreased moisture, and protein while
carbohydrate and fat increased (carbohydrate: 73.92 £ 0.13 to 76.80 + 0.06 %; fat: 5.54 =
0.02 to 5.90 £ 0.04 %). while ash and crude fiber showed minor variations. Roasting
reduced vitamins C, B1, B2, B3 and A. Mineral analysis showed high potassium in both
samples, while roasted samples had more iron and zinc; with magnesium, sodium,
calcium and phosphorus also well represented. Antioxidant activity by DPPH assay
revealed an ICso of 26.91 #+ 0.68 pg/ml (unroasted) and 44.97 * 0.63 ug/ml (roasted), while
standard ascorbic acid showed 1.62 = 0.04 pg/ml. FRAP peaked at 93.60 = 0.46 %
(unroasted), 92.00 = 0.28 % (roasted) and 98.40 = 0.27 % (ascorbic acid). Unroasted seed
powder retained more nutritional and antioxidant value, supporting its use in functional
foods and nutraceuticals.
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INTRODUCTION

In recent decades, the increasing emphasis on sustainable
nutrition and functional foods has shifted attention toward
the re-evaluation of agro-industrial by-products for their
potential health benefits. Among these, date seeds, the hard
endosperm of Phoenix dactylifera L., commonly known as the
date palm, are gaining recognition for their rich composition
of dietary fiber, essential fatty acids, polyphenols, and natural

Copyright © 2025 Omale et al. This is an open access article distributed under
the Creative Commons Attribution License CC BY 4.0, which permits
unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

antioxidants (Al-Farsi et al., 2005; Habib & Ibrahim, 2009).
Although date fruits are widely consumed in various cultures,
their seeds are often discarded, despite mounting evidence
suggesting that they may be a valuable source of bioactive
compounds with nutritional and therapeutic relevance
(Baliga et al., 2011). Date palm cultivation spans across the
Middle East, North Africa and parts of Sub-Saharan Africa and
Asia, with millions of tons of date fruits harvested annually.
It is estimated that there are 150 million date palms
worldwide and 75% of these are found in the Near East and
North African Region (Faleiro & Kumar, 2024). According to
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the Food and Agriculture Organization (FAO) of the United
Nations, the global production of dates has increased from
just 1.8 million tons in 1962 to nearly 9.75 million tons in
2022 (Faleiro & Kumar, 2024). Given the volume of seeds
generated as waste, their conversion into value-added
products presents a compelling case for food sustainability
and waste reduction strategies. Recent studies have
highlighted that powdered date seed extracts possess notable
antioxidant properties, largely due to their phenolic and
flavonoid constituents, which have been associated with
reduced risk of oxidative stress-related conditions, including
cardiovascular diseases, type 2 diabetes, neurodegenerative
disorders and some cancers (Allaith, 2008; Borochov-Neori et
al., 2015).

Processing methods significantly influence the nutritional
and functional properties of plant-based materials. Roasting,
a traditional and cost-effective method, has been shown to
induce Maillard reactions that can enhance antioxidant
activity by increasing the availability of certain phenolic
compounds or by generating new antioxidant substances
(Shahidi & Naczk, 2004; Ahmed et al., 2024). However,
excessive heat may also degrade heat-sensitive
micronutrients and diminish total antioxidant capacity. In
the context of date seeds, some preliminary investigations
suggest that roasting may affect not only the sensory qualities
but also the chemical composition and biological activities of
the seed powder (Fikry et al., 2019). Despite this, a detailed
comparison of the nutritional and antioxidant profiles of
roasted versus unroasted date seed powder has not been
adequately explored.

This study aims to fill this gap by conducting a
comparative analysis of roasted and unroasted date seed
powder extracts, focusing on their antioxidant activities and
nutritional composition. Specific parameters to be evaluated
include vitamin and mineral content determination,
proximate composition (including crude fat, protein, fiber,
ash, carbohydrate and moisture content) and also DPPH
radical scavenging activity. By understanding how roasting
alters the functional and nutritional qualities of date seed
powder, this work may support the integration of this by-
product into functional food systems and nutraceutical
formulations

The broader implications of this research extend beyond
food science. It intersects with public health, environmental
sustainability and the economy, particularly in regions where
date palm agriculture is prevalent. The findings could inform
efforts to utilize low-cost, locally available resources in health
promotion and disease prevention, while also contributing to
the circular bioeconomy and food system resilience.

MATERIALS AND METHODS

Sample preparation

Date seeds were obtained from mature Phoenix dactylifera
fruits, thoroughly washed and air-dried to remove adhering
fruit pulp. The seeds were then divided into two batches: one
batch was roasted in a hot air oven at 180°C for 15 minutes,
while the other remained unroasted. Both batches were

ground into a fine powder using a Buchymix blender and
stored in airtight containers at 4°C until analysis.

Vitamin analysis
Vitamin C determination

Vitamin C content was determined by titration with 2,6-
dichlorophenolindophenol dye solution (AOAC, 2016). The
extract was titrated with the dye until a light pink endpoint
persisted for 15 seconds.

Vitamin A determination

Vitamin A and beta-carotene content was quantified
spectrophotometrically after extraction with cold acetone
and partitioning into petroleum ether. Absorbance was read
at 450 nm. The method of Rodriguez-Amaya and Kimura
(2004) was followed.

B-complex vitamin (B1, B2, B3) determination

Thiamine (B1), riboflavin (B2), and niacin (B3) content was
analyzed using high-performance liquid chromatography
(HPLC), following the revised method of Ndaw et al. (2000).
Samples were acid-hydrolyzed and enzymatically treated
before filtration and HPLC analysis.

Mineral content determination

Mineral content was determined using Atomic Absorption
Spectrophotometry (AAS) after wet digestion with a nitric-
perchloric acid (HNOz-HCIO4) mixture, following AOAC
Method 968.08:

Calcium (Ca), Magnesium (Mg), Iron (Fe) and Zinc (Zn) were
quantified using AAS. Phosphorus (P) was determined
calorimetrically using the molybdovanadate method. Sodium
(Na) and Potassium (K) were measured using a flame
photometer

Determination of proximate composition

All proximate analyses were conducted following AOAC
(2016) standard methods:

Moisture content was determined by oven-drying at 105°C
until constant weight (AOAC Method 925.10). Ash content
was measured by incineration in a muffle furnace at 550°C for
5 hours (AOAC Method 923.03). Crude lipids were extracted
using the Soxhlet extraction method with petroleum ether
(AOAC Method 920.39). Crude fiber was determined using
acid and alkali digestion (AOAC Method 962.09). Crude
protein was estimated using the Kjeldahl method with
nitrogen content multiplied by a factor of 6.25 (AOAC Method
984.13). Carbohydrate content was calculated by difference:
Carbohydrate (%) = 100% - (% Moisture + % Ash + % Protein +
% Fat + % Fiber)

Antioxidant activity determination

DPPH Radical scavenging activity

The antioxidant activity was evaluated using the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method
as described by Brand-Williams et al. (1995). A volume of 1 mL
of extract was added to 2 mL of 0.1 mM DPPH methanolic
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solution. The mixture was incubated in the dark at room
temperature for 30 minutes and absorbance was measured at
517 nm using a UV-V is spectrophotometer. The percentage
inhibition and ICso values were calculated accordingly.

Ferric reducing antioxidant power (FRAP) Assay
The FRAP assay was carried out according to the method
described by Benzie and Strain (1996), with slight
modifications. The working FRAP reagent was prepared by
mixing 300mM acetate buffer (pH 3.6), 10mM TPTZ (2,4,6-
tripyridyl-s-triazine) solution in 40mM HCI and 20mM
FeCls.6H:0 in a 10:1:1 ratio.

Avolume of 100 pL of the sample extract was mixed with 3 mL
of freshly prepared FRAP reagent and incubated at 37°C for 4
minutes. The increase in absorbance was measured at 593 nm
using a spectrophotometer. Ascorbic acid was used as the
standard and results were expressed as a percentage of
ascorbic acid activity.

RESULTS

Figure la. shows a clear decline in vitamin content post-
roasting. Vitamin C content dropped significantly from 12.29
mg/100g in unroasted to 7.98 mg/100g in roasted.
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Figure 1a. Determination of B-Vitamin Contents in Roasted and
Unroasted Date Seed Powder Extract
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Figure 1b. Determination of Vitamin A Content in Roasted and
Unroasted Date Seed Powder Extract

Mineral content determination

Table 1 reveals significant differences in the mineral
composition of roasted and unroasted date seed powder
extract. In the displayed result, Potassium (K) was found to be
the most abundant mineral in both roasted (229.00 mg/kg)
and unroasted (232.10 mg/kg) samples, with a slightly higher
concentration in the unroasted form. Magnesium (Mg) and
Calcium (Ca) are relatively similar between treatments, with
unroasted having a marginally higher Mg content and roasted

showing slightly higher Ca. Phosphorus (P) content is notably
higher in roasted seeds (115.50 mg/kg) compared to unroasted
(107.10 mg/kg), suggesting enhanced availability due to
roasting-induced breakdown of phytates. Sodium (Na) and
Zinc (Zn) also showed a slight increase in roasted samples.
Iron (Fe) content decreases notably from 5.20 mg/kg (roasted)
to 3.70 mg/kg (unroasted), indicating that roasting might
enhance bioavailability or extractability of iron or may be due
to the release or concentration of bound iron forms during
heating.

Table 1. Analysis of Mineral Composition in Roasted and Unroasted
Phoenix dactylifera Seed Powder Extracts

Mineral (mg/kg) Roasted Extract Unroasted Extract
Sodium (Na) 20.2+0.02 18.3%0.02
Potassium (K) 229.0%0.10 232.1%0.10
Magnesium (Mg) 71.3+0.01 73.0£0.22
Calcium (Ca) 70.1+0.03 68.3+0.10

Iron (Fe) 5.2+0.01 3.7+0.10
Phosphorus(P) 115.5%0.10 107.120.03

Zinc (Zn) 13.05£0.05 11.2%0.20

Values are reported as mean * standard deviation of triplicate values

The table showed that minerals like Fe, Zn and P were slightly
higher in roasted seeds, possibly due to water loss
concentrating these nutrients. Other minerals like K, Mg and
Ca were found to be higher in the unroasted seeds.

Proximate composition analysis

B Moisture Content Roasted (%) whoisure Content Unroasted (%)
u Ash Content bshCorr
. 1 Crude Fibre
1 Crude Fibre ¥ Carbohrate
u Carbohydrate wbuten
¥ Protein Fat Content
59 338 15

554
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Figure 2. Pie Charts Showing the Proximate Composition of Roasted and
Unroasted Date Seed Powder Extracts

Figure 2: above displays the proportional distribution of
nutrients in the sample extracts. It can be observed that in
both samples, carbohydrate dominates the composition but
is higher in the roasted sample.
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Figure 3. DPPH Radical Scavenging Antioxidant Activity of Roasted and
Unroasted Date Seed Extracts
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Both the roasted and unroasted date seed extracts have
significantly higher ICso values compared to the standard
ascorbic acid, indicating that a much larger concentration of
the date seed extracts is required to achieve the same level of
DPPH radical scavenging activity as the Ascorbic Acid.
Therefore, both date seed extracts are less potent
antioxidants than the Ascorbic Acid used in this assay.

Table 2. ICso of Roasted and Unroasted Date Seed Powder Extract and
Standard Ascorbic Acid for DPPH Radical Scavenging Activity

Sample ICso (ug/ml)
Roasted Extract 44.97+0.63
Unroasted Extract 26.91+0.68
Ascorbic Acid 1.62+0.04

Values are reported as mean * standard deviation of triplicate values

The results, displayed in Table 3, are expressed as percent
reduction compared to the standard antioxidant, ascorbic
acid. The roasted seed extract exhibited a FRAP value of 92.00
+ 0.28 % which is slightly lower than the unroasted seed
extract with a value of 93.60 * 0.46 %. The standard ascorbic
acid recorded a significantly higher reducing power at 98.40 +
0.27 %. These findings indicate that both extracts possess
considerable ferric reducing ability, with the unroasted seed
powder demonstrating a marginally superior antioxidant
potential.

Table 3. FRAP of Roasted and Unroasted Date Seed Powder Extract
and Standard Ascorbic Acid

Sample FRAP (%)

Roasted Extract 92.00+0.28
Unroasted Extract 93.60%0.46
Ascorbic Acid 98.40+0.27

Values are reported as mean * standard deviation of triplicate values

DISCUSSION

This decrease is likely due to the known thermal lability of
ascorbic acid during heat treatment (Davey et al., 2000).
Vitamin B1, B2 and B3 also decreased by approximately 33—
45%, confirming the partial degradation of water-soluble B
vitamins and reflecting thermal damage (Fennema, 1996).
Vitamin A, measured in pg/100g (Fig 1b), was also
significantly higher in the unroasted sample (32.57 ug) than
in the roasted (16.28 ug), reinforcing the notion that roasting
causes losses in certain micronutrients, possibly due to
oxidative degradation (Rodriguez-Amaya, 2001). This loss in
Vitamin A content was reduced by about 50%. This result
shows that unroasted date seed powder preserves more of the
vitamins and may be preferable when vitamin retention is
desired. These findings agree with those reported by
Rodriguez-Amaya, (2001) and Bhanu et al. (2024). It
underscores the potential negative impact of roasting on the
vitamin profile of date seed powder, suggesting that
unroasted powder may be a better source for these nutrients.

Ali-Mohamed & Khamis (2004), reported potassium to be
the most abundant mineral in date seed followed by
phosphorus, this is in agreement with the observation in this
study. This abundance of potassium and magnesium in both

samples, is consistent with the role of date seeds as rich
sources of electrolytes.

This analysis suggests that roasting modestly alters the

mineral profile, with specific increases in P, Fe and Zn, which
may be nutritionally significant (Institute of Food
Technologists, 2006). Result obtained here shows that
roasting is likely to affect mineral distribution, which has
implications for the nutritional use of date seed products.
It can be observed that in both samples, carbohydrate
dominates the composition but is higher in the roasted
sample. This observed increase may be due to the reduction
in moisture content during roasting, which concentrates the
dry matter (including carbohydrates). Additionally, heat may
breakdown complex polysaccharides into more extractable
forms. Also, the analytical methods performed might detect
Maillard reaction products as carbohydrates, leading to an
overestimation of carbohydrate content as observed in Figure
2. This finding is in agreement with those reported by Oboh et
al. (2010) and Nooshkam, (2019).

Protein content is higher in the unroasted seed due to
degradation upon heating. Proteins participate in Maillard
reactions with reducing sugars, potentially leading to the
formation of complex, less extractable compounds or the loss
of some amino acids through volatilization or cross-linking.
Heat can cause protein denaturation, leading to changes in
solubility and extractability during proximate analysis.
Extreme roasting conditions could also potentially lead to
some protein degradation, thereby reducing its composition
in the roasted sample.

Moisture content is also higher in the unroasted seed most
likely due to heat-induced water loss during roasting (Al-
Juhaimi et al., 2018). Ash content, which is an indicator of
mineral content, is also slightly higher in the unroasted
sample. This slight decrease in ash content after roasting
could be attributed to minor losses of volatile minerals during
the heating process. However, the difference is relatively
small, suggesting that the overall mineral composition is
largely preserved.

Meanwhile, the roasted sample shows a slightly increased
share of crude fiber and fat content. This could be because,
with reduced moisture and protein contents, there would be
concentration effects due to water loss (Elleuch et al., 2011).
Roasting itself, is capable of causing some structural changes
in the fiber components, potentially making them slightly
more or less extractable. Fats are generally more stable to
moderate heat compared to some other organic components.
Roasting can also aid in the extraction of some lipids from the
seed matrix leading to the increase in its composition as seen
with the roasted samples.

Ascorbic Acid (Vitamin C) is the most potent antioxidant
based on its ICso value (Table 2). This means that a much
smaller concentration of ascorbic acid is needed to scavenge
50% of the DPPH radicals compared to both the roasted and
unroasted date seed extracts. This is expected, as Vitamin C
is a well-known and potent antioxidant.

The ICso values for the roasted (44.97 pg/mL) and
unroasted (26.91 pg/mL) date seed extracts suggest that the
roasting process, under the conditions tested, can
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significantly alter the overall antioxidant potency of the date
seed extract as measured by the DPPH assay. This is because,
there might be changes in the specific antioxidant
compounds due to roasting, thereby affecting the overall
potency and the ability of the extract to scavenge DPPH
radicals at the 50% inhibition level (Yousif et al., 2018). This
is seen from the significant difference between the two
extracts used.

Although, variations in antioxidant levels are expected
due to difference in extraction methods, maturity stage and
date cultivar, the values obtained in this study are comparable
to those in previous reports and support the claim that date
seeds possess considerable antioxidant potential. Al- Farsi
and Lee (2008), also reported that date seed extracts exhibit
notable DPPH radical scavenging properties, making them
promising candidates for natural antioxidant sources in food
systems.

The ferric reducing antioxidant power (FRAP) assay was
employed to evaluate the electron- donating capacity of both
roasted and unroasted Phoenix dactylifera seed powder
extracts, served as a measure of antioxidant potential. The
decrease in the FRAP value upon roasting may be attributed
to thermal degradation of heat- labile antioxidant
compounds, such as vitamin C and certain phenolics (Peng et
al., 2021; Ghafoor et al 2022). Despite the reduction in the
roasted sample, the antioxidant constituents are relatively
stable under moderate roasting conditions (Munoz-Tebar et
al., 2024). These findings thereby support the potential
application of Phoenix dactylifera seed powders, particularly
the unroasted form, as functional ingredients in antioxidant-
enriched nutraceutical formulations (Ghafoor et al., 2022;
Himanshu et al., 2024).

CONCLUSION

The roasting process significantly alters the nutritional
composition of date seed powder extract, leading to a notable
decrease in the content of several important vitamins,
particularly Vitamin A and the B-complex vitamins, as well as
Vitamin C. While the mineral content shows more subtle
changes, with some minerals appearing to be slightly more
concentrated, the overall findings suggest a trade-off
between the potential flavor and textural benefits of roasting
and the retention of certain micronutrients. These results
highlight the importance of considering the processing
methods when evaluating the nutritional value of date seed
powder. Further research could explore the specific roasting
conditions such as temperature and time that minimize
nutrient loss while optimizing other desired qualities.
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