PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

From Waste to Wealth: Valorizing Date Fruit Pomace for
Enhanced Fungal Biomass and Mycoprotein from the
Edible Fungus, Neurospora intermedia

Najla A. Alshaikh, Bassam Khalid Alnafisi, Ashraf Atef Hatamleh, Mohamed El-Zaidy,
and Bandar Mohsen ALMungedhi *

*Corresponding author: balmungedhi@gmail.com,; balmungedhi@ksu.edu.sa

DOI: 10.15376/biores.21.4.11766-11789

GRAPHICAL ABSTRACT

Date Syrup
v, Ash
Proximate Moisture
and Nutrient Total solid
analysis Volatile matter
- Total Dietary fiber
Total protein
Fat
Carbohydrates
Polyphenols
Aminoacid
. Antioxidant activity
Date fruit Date pomace
Inoculatlon
% |:>‘ Fungal biomass ‘ |:> Mycoprotein
) Date pomace
Neurospora intermedia medium

Alshaikh et al. (2026). “Valorizing date fruit pomace,” BioResources 21(4), 11766-11789.


mailto:balmunqedhi@gmail.com
mailto:balmunqedhi@ksu.edu.sa

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

From Waste to Wealth: Valorizing Date Fruit Pomace for
Enhanced Fungal Biomass and Mycoprotein from the
Edible Fungus, Neurospora intermedia

Najla A. Alshaikh, Bassam Khalid Alnafisi, Ashraf Atef Hatamleh, Mohamed El-Zaidy,
and Bandar Mohsen ALMungedhi *

Waste valorization via edible fungus represents a novel transformative
approach for single-cell protein production. The present study focused on
the utilization of date fruit pomace for the cultivation of edible fungus
Neurospora intermedia. A total of six date fruit varieties were used for this
study: shalabi, barhi, khudri, sukkari, mabroom, and khalas. Chemical
analysis revealed that date fruit pomace contained 1.6 £ 0.3 t0 3.1 £ 0.3%
ash, 6.4 £ 1.1t0 9.1 £ 1.2% moisture, 71.2 £ 1.1 to 91.2 + 0.9% total solid
content, a maximum of 27.3 £ 0.2% volatile matter, and 45.3 + 1.1% total
dietary fiber. The nutrient-rich barhi date variety was used as the substrate
without any pretreatment for the bioconversion of protein-rich N.
intermedia biomass. The optimum pH, temperature, and incubation time
improved fungal biomass production (p<0.05). The culture medium was
statistically optimized via a central composite design. The optimized
culture conditions improved the mycelial biomass 2-fold, and all the
selected factors (pH, temperature, and incubation time) were significantly
different (p<0.01). The culture was filtered, and the fungal biomass was
dried. The dried fungal biomass contained 17 + 2.1% protein, 3.6 £ 0.1%
carbohydrate, and 0.91 £ 0.02% fat.
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INTRODUCTION

The date palm family includes more than 200 genera and more than 2,500 species.
The date palm (Phoenix dactylifera L.) is an important species, and more than 3,000
cultivars have been reported worldwide (Barakat and Altheeaid 2023). Date palm plays a
critical role in meeting food security requirements, and this has led to its being called the
“tree of life”. It provides fruit, construction material, and animal feed, and is used as an
alternative medicine (Alu’datt ef al. 2025). The global date production reached 9.7 million
tons in 2024, and the major contributors are Saudi Arabia, Iran, Algeria, Iraq, Pakistan,
Oman, Sudan, the United Arab Emirates, and Tunisia (FAOSTAT 2024). Date fruits are
rich in carbohydrates, dietary fiber, vitamins, minerals, unsaturated fatty acids, and
phytochemical compounds (Jaouhari et al. 2024). Currently, approximately 5000 date palm
varieties are cultivated across the world and are classified on the basis of ripening time,
fruit texture, and commercial value (Alu’datt et al. 2025).
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Date fruits are consumed dry or fresh and are generally converted into value-added
products such as pastes, syrups, jams, sugars, juices, jellies, and fermented products (Alam
et al. 2023). The date palm processing industry generates many byproducts, especially
pomace and seeds, which are often underutilized despite their functional properties. While
a significant amount of harvested date fruit is consumed fresh, lower-quality date fruit are
utilized in the food processing industry to produce products such as jelly, juice, jam, syrup,
and powder (Al Farsi and Lee 2008). Overripening, transportation, rough handling,
contamination, improper storage, and inadequate packing can cause >20% of production
to be lost during the postharvesting process (Nancib et al. 2015). Date residues are used as
animal feed and are rich in dietary fibers, carbohydrates, and phenolic compounds, making
them preferable feedstocks for the conversion of value-added products (Rambabu et al.
2020).

Date fruit pomace is composed of a significant amount of residual sugars, and
approximately 35% of soluble sugars are available in the form of fructose and glucose
(Haris et al. 2023). Date fruit pomace is used as a substrate for the production of lactic acid
(Haris et al. 2023), endopectinase (Bari et al. 2010), and single-cell proteins (Hashem et
al. 2014). The bioconversion of agro-industrial residues into value-added products can save
natural resources, minimize environmental pollution, and conserve natural ecosystems.
The microbial conversion of agro-industrial residues is an alternative approach to produce
industrially useful products.

Filamentous fungi is a group of microorganisms, including mushrooms, and
moulds, are useful for the microbial recycling of biomass generated in the postharvesting
industry. The large-scale heterologous production of animal protein is possible via fungi,
thus reducing global greenhouse gas emission and land use (Humpendder et al. 2022).
Solid-state fermentation (SSF) utilizes solid wastes for the production of fermentable
products and can reduce greenhouse gas emissions and land use (Arokiyaraj et al. 2025;
Alarjani et al. 2024). This method requires minimal inputs and equipment. Neurospora is
considered an important commercial filamentous fungus that has been extensively used for
the production of value-added products via the bioconversion of agricultural waste. N.
intermedia produces various enzymes that degrade cellulosic materials and produce sugar
molecules; thus, it can be utilized for the production of essential amino acids, fats, and
proteins.

It is hypothesized that N. intermedia can be cultured in SSF using date fruit pomace
medium to improve nutrient profile. The excessive consumption of red meat is associated
with an increased risk of various diseases (Qian et al. 2020). In recent years, research has
focused on the production of microbial protein rather than insect protein, plant-based
protein, or cultured meat (Gamarra-Castillo et al. 2022). Among these sources, microbial
protein has gained increased interest from fungal species, especially filamentous fungi.
Fungal strains, such as Neurospora crassa (Bartholomai et al. 2022), Rhizopus oligosporus
(Furlan et al. 2024), and Aspergillus oryzae (Gamarra-Castillo et al. 2022), have been
identified.

The optimum process parameters, such as medium pH, temperature, time, agitation,
and inoculum, improve product formation. The optimum culture conditions varied with
respect to the substrate, nutrient composition, and type of microbial strain. Hence, the
optimization of growth parameters for the production of single-cell proteins is needed. The
objective of the study is to analyze the nutrient profile and phytochemical compounds of
date fruit pomaces. Then, barhi date fruit pomace was used as a low cost substrate for the
production of mycoprotein using Neurospora intermedia.
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EXPERIMENTAL

Date Fruit Pomace Processing

Date fruit pomace is a residual product of date syrup processing industries. It
consists of a mixture of a blend of date fruits and often a mixture of various fruit varieties.
The data syrup processing steps included washing, depitting, homogenizing in water,
heating at 90 °C for min, pressing, filtration, and evaporation. The major byproducts of
date syrup are seeds and date fruit pomace. A total of six date fruit varieties were used for
this study: shalabi, barhi (rutab), khudri (khudry), sukkari (sukkary), mabroom, and khalas.
The date syrup was removed, and the date fruit pomace was washed with water six times.
The soluble sugar was removed from the sample, and the washed date fruit pomace was
dried at 60 °C for 12 h in a hot air oven. The dried pomace was subsequently ground to
powder, packed and stored in a desiccator until further use.

Proximate Component Analysis

The proximate chemical composition of the date fruit pomace was evaluated via
the AOAC method (1995). The fat content of each sample was analyzed via acid
hydrolysis, followed by extraction with petroleum ether in a Soxhlet apparatus. The total
protein content of each sample was tested according to the Kjeldahl procedure, and a
conversion factor of 5.3 was used to convert nitrogen to crude protein. The total ash and
solid contents were analyzed according to the methods of the National Renewable Energy
Laboratory. To determine the total solid content, the sample was heated at 105 °C until a
constant weight was reached. The ash content was determined by heating the sample at 600
°C for 4 h in a muffle furnace. The dried crucible was weighed, and the weight difference
was calculated (Sluiter ez al. 2008). The moisture content of the sample was estimated from
the total solid content. The fixed carbon content of the sample and the volatile matter
content were determined according to the ASTM D3175 (2020) method (Sait et al. 2012).
To determine the volatile matter content, the crucible was filled with 2 g of date fruit
pomace and heated in a furnace to 950 °C for 7 min. The crucible was cooled, and the
volatile matter content was calculated. The sum of ash, moisture, and volatile matter was
subtracted from the value of 100, and fixed carbon was determined.

Date Fruit Pomace Minerals

The mineral content of date fruit pomace was determined. Minerals, such as
phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), iron (Fe), and sodium (Na)
were detected as described previously by Heckman et al. (1971). Approximately 50 g of
date fruit pomace was heated at 600 °C in a furnace for 4 h. Then, it was cooled and further
boiled with 3 N HCI for 10 min. It was cooled, filtered, and used for mineral analysis. The
mineral content was analyzed via inductively coupled plasma—mass spectrometry (Model
ICP-MS 7900, Agilent Technologies, Waldbronn, Germany).

Analysis of Amino Acids

The amino acid content of date fruit pomace was tested as described by Alfaro-
Viquez et al. (2018). The essential amino acid content of the date pomace was analyzed.
The relative amino acid composition of date pomace was estimated by treating date fruit
pomace with hydrogen peroxide, formic acid, and phenol and hydrogen peroxide (6 M).
The amino acids were detected by photometric detection at 440 and 570 nm using
ninhydrin reagent.
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Total Phenolic Compound Analysis

The total phenolic content (TPC) of each sample was determined as described by
Sobti et al. (2023) via Folin—Ciocalteu reagents. Briefly, 200 puL of sample was mixed with
800 uL of Folin-Ciocalteu reagent, and the volume was adjusted to 1.2 mL with double
distilled water. The mixture was incubated for 10 min, and 1.8 mL of 10% sodium
carbonate was added and further incubated for 5 min. To the blank, double distilled water
was added. The absorbance of each sample was read at 765 nm via a UV-visible
spectrophotometer(Evolution™ One/One Plus UV-Vis Spectrophotometers, Waltham,
MA, USA). Gallic acid was prepared at various concentrations, and a calibration curve was
plotted. The results are expressed as mg of gallic acid equivalent/100 g of dried date
pomace.

Antioxidant Activity

The total antioxidant activity of the date pomace was determined via the 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS) method (Alam et al. 2021). Briefly, the
ABTS reagent was prepared by dissolving 200 mg of ABTS in 50 mL of double distilled
water. It was mixed with 16.8 mg of potassium persulfate solution in 25 mL of double
distilled water and kept in the dark overnight at room temperature (28 °C). The sample (0.1
mL) was mixed with 0.8 mL of ABTS reagent and incubated for 5 min, and the absorbance
of the sample and standard were read at 734 nm via a UV—visible spectrophotometer. Gallic
acid was prepared at various concentrations, and the results are expressed as mg gallic acid
equivalent/100 g of dried date pomace (Sobti et al. 2023).

Fungal Maintenance and Culture

Neurospora intermedia (MTCC NO 877)was used for the production of
mycoproteins from date pomace. The fungal strain was inoculated in potato dextrose agar
(PDA) medium (Himedia, Mumbai, India) and incubated for 7 days at 30 °C, after which
the plates were further stored at 4 °C until use. To prepare the inoculum, 10 mL of
physiological saline suspension was flooded on PDA plates, and the spores were scraped
aseptically via a sterile micropipette tip. The spore suspension was tested, and the
concentration was maintained at 10° spores/mL and used as inoculum.

Optimization of Culture Conditions for Determining Mycelial Biomass in
Date Fruit Pomace

Barhi date fruit pomace was used as the culture medium for the optimized
production of mycoprotein until otherwise stated. This date variety was selected because
of rich of nutrients than other selected varieties. Process parameters, such as fermentation
time (24 to 120 h), pH (4 to 6), and temperature (20 to 40 °C),were optimized by changing
one factor at a time. To prepare the culture medium, 10% (w/v) barhi date fruit pomace
was autoclaved, inoculated with 5% (v/v) inoculum. Then, it was incubated at 30 °C in an
orbital shaker incubator at 150 rpm (Al-Ansari ef al. 2020). The samples were withdrawn
from the culture flask every 24 h, and the results are presented as the means = SDs.

Fungal Biomass Analysis

The culture was withdrawn and filtered through Whatman paper, and the fungal
biomass was separated from the culture. The fungal biomass was rinsed with double
distilled water and dried at 60 °C overnight. The fungal biomass was calculated via the
following Eq. 1:
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Fungal biomass=Total dry weight (g)/Total culture medium (L) (1)

The dried fungal biomass was homogenized with double distilled water. The total protein
content of each sample was estimated using a nitrogen-to-protein conversion factor of 5.49
(Mariotti et al. 2008). The protein yield was determined via the following Eq. 2:

Protein yield = Protein content (mg)/Dried substrate (g) in the culture medium (2)

Central Composite Design and Response Surface Methodology

A central composite design was used to optimize N. intermedia biomass production
via the use of date fruit pomace medium as a low-cost substrate. To prepare the culture
medium, 10% (w/v) date fruit pomace was autoclaved, inoculated with 5% (v/v) inoculum,
and kept on a rotary shaker incubator at 150 rpm. The culture medium (50 mL) was
prepared in a 100 mL Erlenmeyer flask. The other physiological factors were selected on
the basis of the design of the experiments depicted in Table 1. Three independent factors
(fermentation period, pH, and temperature) were tested, and the low and high levels are
described in Table 1. These variables were selected based on preliminary experimental
trials. The experiment was designed via Design Expert software (version 8.0.1), and the
response Y (fungus biomass) was calculated. This experimental design is composed of a
total of 20 experimental runs with six central points. Three experiments were performed,
and the mean value was used for analysis (Vijayaraghavan et al. 2016).

Table 1. Experimental Design for Three Selected Variables

Factor Variables Units Mean Low Actual High Actual
Fermentation
A period h 60 24 96
B Temperature °C 30 25 35
C pH 5 4 6

Statistical Analysis

A triplicate experiment was performed, and the mean value was used for analysis.
The collected data were analyzed via one-way analysis of variance (ANOVA), followed
by Tukey’s honest significant differences (HSD) test to determine the variations in fungal
biomass and protein content. The result of a specific experimental condition was
considered statistically significant if the p value was<0.01.

RESULTS AND DISCUSSION

Ash and Moisture Contents

Chemical analysis revealed that the ash content of date fruit pomace ranged from
1.6 £0.3to 3.1 £0.3% (Fig. 1a). Among the selected varieties, barhi presented 3.1 + 0.3%
ash, followed by shalabi (2.9 £ 0.2%) and sukkari (2.2 + 0.1%). The moisture content of
the date pomace ranged from 6.4 + 1.1 to 9.1 + 1.2%. The ash content observed in this
study was lower than that reported previously (Fig. 1b). The ash content of date fruit
pomace observed in this study was lower than that reported previously (4.1 g/100 g). The
moisture content observed in this study was 9.1 = 1.2%, which was lower than that reported
by Hariset al. (2023).
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Fig. 1. Ash (a) and moisture (b) contents of date fruit pomace varieties

Total Solid Content and Volatile Matter

The total solid content was low (71.2 + 1.1%) in the khalas variety fruit pomace,
and it was greatest in barhi (91.2 + 0.9%). The volatile matter content was greatest in
khudri-type fruit pomace (27.3 £+ 0.2%), followed by barhi (25.2 £ 0.2%), mabroom (21.4+
0.4%), and sukkari (20.4 = 0.5%) (Fig. 2a). The volatile matter content ranged from 18.6
+ 0.6% to 27.3 + 0.2% (Fig. 2b). The total solid content of date fruit pomace is a measure
of the amount of substances remaining after complete evaporation. The present findings
revealed that date palm byproducts are rich in essential nutrients and are required for human
health due to the presence of reduced levels of fatty acids and cholesterol. The volatile
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matter comprises various phytonutrients, such as amino acids, fatty acids, phenolics,
carotenoids, and terpenoids. In date, volatile compounds, such as decanal, isopentyl
alcohol, nonanal, limonene, hexanal, n-heptadecane, hexyl acetate, and B-ionone have been
reported. The differences in volatile matter among date fruit varieties are based on the
origin and ripening stage of the studied cultivar and the sensitivity of the analysis (El Arem
etal. 2012).
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Fig. 2. Total solid content (a) and volatile matter content (b) of date fruit pomace varieties

Fixed Carbon

The fixed carbon content was greatest in barhi date pomace (61.3 +2.2%), followed
by shalabi date pomace (60.4 £ 1.1%), sukkari (59.5 + 2.1%), and khudri (58.3 = 1.8%)
(Fig. 3). The amount of fixed carbon content analyzed in this study is in agreement with
previous studies reported for various types of biomass (Telmo et al. 2010). Fixed carbon
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represents the carbon content of the material that remains after the volatile matter is
completely expelled, while ash is the inorganic residue left after combustion step. Fixed
carbon varies among different substances and can influence the calorific value of plant
biomass (Racero-Galaraga et al. 2024).The fixed carbon content determined in this study
was higher than the fixed carbon content of plant trunk (17.6%), and palm leaflets (10.5%)
(Nasser et al. 2016).
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Fig. 3. Fixed carbon content of date fruit pomace of six date varieties

Mineral Components

Date fruit pomace is rich in natural minerals, and these minerals are required for
human health. The amounts of various minerals, such as phosphorus, potassium, calcium,
magnesium, iron, and sodium, are presented in Table 2. The results revealed that
potassium, magnesium, and phosphorus were the major micronutrients in the date fruit
pomace of the screened date varieties. The amount of potassium ranged from 302 £ 1.5 to
513 £ 2.5 mg/g 100, with a maximum of 513 £ 2.5 g (Shalabi). The potassium, calcium,
and sodium contents were greatest in the khudri (71.5 £ 2.2, 30.5 £ 1.5, and 17.2 + 1.1
mg/100 g, respectively). The mineral components observed in this study were consistent
with those reported by Haris et al. (2023), and potassium was the major mineral (145.7
ppm), followed by calcium (46 ppm) and phosphorus (28.7 ppm). Minerals, such as
phosphorus and potassium are involved in human cell regeneration, whereas calcium and
magnesium are essential for the maintenance of bone health (Razzaque and Wimalawansa
2025). Iron is used for the production of hemoglobin; hence, due to the presence of these

minerals, date fruit- and fruit-based products are considered healthy diets for humans
(Habib and Ibrahim 2011).
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Table 2. Composition of Minerals in the Date fruit Pomace of the Six Date

Varieties
Pomace pP* K* Ca* Mg* Fe* Na*
Shalabi 625+ 1.1 513+25 | 294+22 | 79.2+1.1 1.4+0.1 102+1.2
Barhi 543+21 | 414104 | 271+19 | 845+26 | 1.1£0.2 8.4+1.2
Khudri 715+22 | 302+15 | 30.5+15 | 683+14 | 1.5+0.1 17.2+1.1
Sukkari 40.3+1.1 418+24 | 251 +22 | 532+22 | 0.6+0.1 13.5+1.2
Mabroom 51.3+17 | 306%+15 184+17 | 753+6.3 | 1.6+£0.2 | 152+£0.9
Khalas 483+12 | 429+22 | 221+22 | 614+24 | 08+0.2 11+0.2

Total Dietary Fiber and Carbohydrates

The total dietary fiber content of the date fruit pomace was 45.3 = 1.1% (Barhi)
(Fig. 4a), which was consistent with the findings of Hariset al. (2023). The soluble sugar
content was 34.2 + 1.1% in the Khalas variety, which was similar to the findings of Hariset
al. (2023). In fruits, dietary fiber has been reported, and these dietary fibers have significant
bioactive properties due to the presence of carotenoids and flavonoids. This dietary fiber
results in lower energy and improved phytic acid content (Quiles et al. 2018). Vegetable
and fruit pomace have been widely used as fiber sources to supplement crackers, cookies,
and various cereal-based food products (Sahni and Shere 2018). The proximate
composition of date fruit pomace revealed high dietary fiber, which aligns with the findings
of previous studies on date fruit pomace (Borchani et al. 2011; Sahni and Shere 2018). The
increased dietary fiber content was characterized by a reduced moisture level and total
protein content of <10%, a decreased fat content, and a reduced amount of ash (Bchir et al.
2014). The carbohydrate content was high in the date fruit pomace (Fig. 4b). Majzoobi et
al. (2019) reported that date press cake from ripe shahani date fruits grown in Iran
contained 11.7% crude fiber and 79.1% carbohydrate. It has been previously reported that
date press cake has lower protein, fat, and ash contents than blackberry and strawberry
press cakes; moreover, it has higher ash, fat, and total protein contents than orange, apple,
and pineapple press cakes do (Sudha et al. 2007; Kosmala et al. 2011;0’Sheaet al. 2015).
Date pomace consists of small quantities of residual sugars, and it has been previously
dumped in landfills or used as animal feed. Haris et al. (2023) reported that date fruit
pomace consists of 35% soluble sugars present in the form of fructose and glucose. These
readily available soluble sugars make date fruit pomace a potential source for the
production of microbial protein, and due to the presence of large quantities of soluble
sugars, a pretreatment step may not be required for microbial fermentation via date seed
pomace.
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Fig. 4. Total dietary fiber (a) and carbohydrate (b) contents of date fruit pomace from the six date
varieties

Amino Acid Composition of Date Fruit Pomace

In this study, the amino acid content of date fruit pomace was analyzed, and the
compositions of various essential amino acids are depicted in Table 3. The table reveals
that glutamine was the major amino acid found in the shalabi, barhi, sukkari, and khalas
varieties. In addition, glycine and proline were detected in greater quantities in this study,
and traces of valine and histidine were detected. These essential amino acids from date
palm pomace are involved in the production of red blood cells. The prolonged consumption
of dates reduces problems associated with malnutrition and serves as a building block of
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proteins and various enzymes. The dried and fresh dates were rich in essential and
nonessential amino acids (Al-Farsi et al. 2012). Glutamine is an essential amino acid
(proline, aspartic acid, glycone, glutamine, valine, and histidine) (Rambabu ef al. 2020),
and it is a major amino acid in addition to other essential amino acids. Moreover, histidine

was detected in very low quantities.

Table 3. Amino Acid Composition of Date Fruit Pomace

Amino Acids (mg/100 g)

Pomace | Aspartic Acid | Glutamine | Glycine Histidine Proline Valine
Shalabi 129+2.2 142 +1.2 80+25 0.32+0.03 [ 494+1.2 [45+£0.22
Barhi 1354 +£1.8 178.2+4.2 |50.3+11 | 0.52+0.03 | 53.3+0.2 |6.1+£0.3
Khudri 90.1+2.1 792+1.2 [402+22 |027+0.01 |50.1+01 |4.2+0.2
Sukkari 1124 +1.4 101.41.1 71.3+1.1 10.22+0.04 | 38.2+0.2 | 3.3+01
Mabroom | 59.5+2.2 69.2+1.5 624+19 |0.38+0.01 | 40.3+01 [1.9%0.1
Khalas 100.2 £ 1.1 129+24 49.3+25 | 041+£0.01 |33+0.2 25+041

Total Protein and Lipid Contents

Date pomace consists of increased amounts of protein (11.4 £ 0.6%) (barhi) and
reduced amounts of fat (0.72 = 0.1%) (mabroom) (Fig. 5a). This result was consistent with
previous findings and reported the presence of 10.6% protein and 2.6% fat (Haris et
al.2023). Date fruit pomace is a byproduct of date fruit processing, and it consists of
approximately 10% protein(Subhash et al. 2024). The protein content of the date pomace
observed in this study was greater than the total protein content reported by Mufioz-Bas et
al. (2025), and the fat content was lower than that reported earlier. The lipid content was
lower in the date fruit pomace (Fig. 5b). The protein and fat contents of date fruit pomace
are influenced by the proportion of seeds to flesh, date cultivar, agricultural conditions,
ripening stage, and processing methods used to extract syrup (Okonkwo et al. 2025).
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Fig. 5. Total protein (a) and lipid (b) contents of date fruit pomace from six date fruit varieties

Total Phenolic Content and Antioxidant Activity of Date Fruit Pomace

Date fruit pomace is characterized by increased amounts of total phenolic
compounds. The total phenolic compounds ranged from 59.5 + 1.7 (khalas) to 92.3 £ 2.2
mg GAE/100 g powder (Barhi) (Fig. 6a). The total antioxidant activity was greatest in the
barhi variety (53.1 + 1.5 mg GAE/100 g powder) because of the increased amount of total
phenolic compounds. The total antioxidant activity ranged from 38.2 + 1.5% to 53.1 + 1.5
mg GAE/100 g (Fig. 6b). The total antioxidant activity of pomace varies widely and was
151 mg/100 g (Al-Janah and Al-Mudhafr 2021), with 170t0260 mg gallic acid equivalents
(Haris et al. 2023). Total phenolic content was high in barhi pomace which increased
antioxidant activity in this pomace than other pomaces. The antioxidant activity observed
in this study was consistent with previous results. The antioxidant activity of date fruit
pomace varies in terms of phenolic, flavonoid, sterol, quinine, and anthocyanin contents
(Cheng et al. 2020). Recently, date pomace has been used to improve the functional
properties by microbial fermentation. Date pomace was fermented with lactic acid bacteria
and total phenolics (441.83 2.3 mg QE/100g) and flavonoids (441.83 2.3 mg
QE/100 g) were higher (Barathikannan et al. 2025).
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Fig. 6. Total phenolic content (a) and antioxidant activity (b) of the date fruit pomace of the six
date varieties

Screening of Culture Conditions for Biomass Production

In this study, barhi date fruit pomace was used as the substrate for optimization
studies. The effect of the fermentation period on biomass production was evaluated, and
the results are depicted in Fig. 7. Biomass production was high after 72 h of cultivation,
with a maximum biomass concentration of 6.2 £ 0.12 g/LL (Fig. 7a). A shorter or longer
fermentation period affects the biomass yield (El-Sheikh et al. 2020). The present findings
were consistent with those of a previous report, and a 72-h incubation time improved the
biomass yield (Karimi et al. 2019). Rhizopus oryzae utilizes fish industry byproducts, and
the fungal biomass yield reaches a maximum after a 72 h incubation period (Sar et al.
2020). In this study, the culture medium pH had a major impact on the biomass yield (Fig.
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7b). At pH 5.5, the biomass yield was 7.5 + 0.22 g/L. Moreover, the biomass yield
decreased at higher and lower pH values than pH 5.5.
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Fig. 7. Effects of fermentation period (a), pH (b), and incubation temperature (c) on N. intermedia
biomass production

The decreased yield was attributed to the minimal microbial activity at lower (<4.5)
and higher pH values (Akram et al. 2015). In the pH range of 3.0to4.0, pellet formation is
greater (Nair et al. 2015) in N. intermedia. N. intermedia is considered a mesophilic fungal
strain, and the effect of temperature on biomass production was evaluated. Figure 7c
reveals that biomass production reached a maximum at 30 °C (8.3 = 0.2 g/L). The results
of the present study are consistent with earlier reports on biomass yield in N. intermedia,
and maximum biomass production was achieved at 30 °C in baker’s yeast wastewater
medium (Hashemi ef al. 2021). The incubation temperature affects N. intermedia biomass,
nutrient absorption, and enzyme activity (Abbasi and Samaei 2019). At lower
temperatures, the growth rate of N. intermedia was lower, possibly due to the reduced
potential for enzymatic activity, which are cellular processes that reduce metabolic
processes. In addition, nutrient absorption is affected at relatively cold incubation
temperatures because of reduced membrane permeability and enzyme activity. In contrast,
increased temperature affects cellular function and biomass growth by affecting the lipid
layer, cellular proteins, denatured proteins, and DNA and affecting membrane integrity
(Aratjo et al. 2019).

Statistical Optimization of Fungal Biomass Production Using Date Fruit
Pomace Medium by Fungal Fermentation

Statistically optimized culture media improved fungal biomass production in
submerged fermentation via date fruit pomace media (Arokiyaraj ef al. 2025). The optimal
culture conditions for improving biomass yield were analyzed. As shown in Table 4, the
fermentation period, pH, and temperature effectively influenced biomass production.
Biomass production ranged from 3.3 to 18.8 g/L, and biomass production was more than
twofold greater than that of the unoptimized culture medium. The model F test result was
37.58, and the p-value was<0.05, indicating that the fitted quadratic regression model was
statistically significant (p<0.05).
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In this study, A, B, C, AB, AC, A2, B%, and C?were significant model terms (Table
5). The insignificant lack of fit of the model implied that the designed model was wellfitted.
The R-squared value of this model was 0.971, and the adjusted R-squared value was 0.945.
This analysis revealed that 94.5% of the variation observed in the biomass could be
attributed to the fitted second-order polynomial equation. The coefficient estimate was
positive for the fermentation period (2.66), temperature (2.37), and pH (2.3). The predicted
response was 19.4 g/L, which was 18.4 g/L. The observed and predicted values were
similar, and the model was validated.

As evidenced by the response surface graph (3D), the response curves are indicative
of the effects of various combinations of fermentation period, pH, and temperature on
fungal biomass production (Fig. 8). Previous studies have revealed that optimizing culture
medium components can effectively improve biomass and product yield. For example,
Vijayaraghavanet al. (2017) used response surface methodology for the production of
bacterial fibrinolytic enzymes from cow dung substrates, and the selected variables were
moisture, sucrose, and MgSOas,and twofold yields were reported. Bijiet al. (2016) used
cuttle fish waste for the production of enzymes from Bacillus cereus in solid-state
fermentation.

Table 4. Experimental Results of Central Composite Design for the Optimization
of Fungus Biomass Production

Runs Fermentation Period (h) | Temperature (°C) pH Biomass (g/L)
1 24 25 4 3.3
2 96 25 4 2.15
3 24 35 4 7.1
4 96 35 4 11.3
5 24 25 6 8.3
6 96 25 6 104
7 24 35 6 6.47
8 96 35 6 18.8
9 0 30 5 0
10 120.5 30 5 11
11 60 21.5 5 5.54
12 60 38.4 5 13.2
13 60 30 3.3 5.3
14 60 30 6.6 11.98
15 60 30 5 15
16 60 30 5 16
17 60 30 5 15.3
18 60 30 5 174
19 60 30 5 15.5

20 60 30 5 15.6
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Table 5. ANOVA of the Central Composite Design for the Production of Fungal
Biomass

Sum of Mean F p-value
Source Squares df Square Value Prob> F
Model 551.2224 9 61.24693 37.58285 <0.0001
A-Fermentation
period 96.18496 1 96.18496 59.02182 <0.0001
B-Temperature 76.87892 1 76.87892 47.17508 <0.0001
C-pH 71.9856 1 71.9856 4417241 <0.0001
AB 30.34205 1 30.34205 18.61874 0.0015
AC 16.18805 1 16.18805 9.933446 0.0103
BC 5.08805 1 5.08805 3.122172 0.1077
A? 166.9642 1 166.9642 102.4539 <0.0001
B 59.26785 1 59.26785 36.36843 0.0001
C? 75.31684 1 75.31684 46.21655 <0.0001
Residual 16.29651 10 1.629651
Lack of Fit 12.67651 5 2.535302 3.501798 0.0976
Pure Error 3.62 5 0.724
Cor Total 567.5189 19

Biomass (g/L)
Biomass (g/L)
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Fig. 8. 3D response surface graphs of the effects of the variables (fermentation period, pH, and
temperature) on fungal biomass production by N. intermedia in date fruit pomace medium

Mycoprotein Fermentation

The edible fungus N. intermedia was cultivated in a 250-mL Erlenmeyer flask
containing 150 mL of 10% date pomace medium under optimized culture conditions. The
culture was filtered, and the fungal biomass was dried. The dried fungal biomass contained
17 + 2.1% protein, 3.6 + 0.1% carbohydrate, and 0.91 + 0.02% fat. Figure 9 shows the
nutrient composition of fungal biomass cultured in optimized media. The protein content
of N. intermedia improved in the optimized culture medium. These include the agitation
time, pH of the medium, and temperature. For certain biomasses, pretreatment procedures
often improve the nutrient profile. The optimum temperature (30 °C), agitation speed
(100t0200 rpm), inoculum (1 to 5%), and incubation time (3 to 5 days) improved the
biomass components (Starzynska-Janiszewska et al. 2016; Gmoser et al. 2018). Dai et
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al.(2025) used a soy whey substrate to produce mycoprotein from Neurospora media, and
the optimized medium containing okara improved the mycoprotein yield. Filamentous
fungi are promising alternatives to animal and plant proteins because of their high protein
content, rapid biomass accumulation, and potential to utilize inexpensive agro-industrial
residues. Neurospora intermedia can be cultivated via solid-state fermentation in low-cost
media, and low-cost media improve the total protein content and essential mineral, vitamin,
and essential amino acid contents (Gmoser et al. 2020). Because of its high protein content
and decreased protein content, mycoprotein is considered an alternative to animal protein.
Agro-industrial residues, including date, seaweed, pea byproducts, and pineapple peels,
have been utilized as substrates for the production of mycoproteins (Majumder et al. 2024).
Neurospora intermedia is a protein-rich fungus, and cultivation of this fungus via agro-
industrial residues for its growth has the potential to generate sustainable waste of protein-
rich biomass for food applications (Maini Rekdal ef al. 2023).
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Fig. 9. Nutritional composition of Neurospora biomass cultivated in date pomace medium

CONCLUSIONS

1.  Proximate analysis of the date fruit pomace of the six date varieties (shalabi, barhi,
khudri, sukkari, mabroom, and khalas) showed that all six date varieties exhibited
high dietary fiber, carbohydrates, minerals, and essential amino acids increased.

2. Barhi date fruit pomace was used as the culture medium for the optimized production
of mycoprotein. The culture medium was optimized via response surface
methodology, and the biomass was increased 2-fold. The dried fungal biomass
contained 17 + 2.1% protein, 3.6 + 0.1% carbohydrate, and only 0.91 & 0.02% fat.

3. Mycoprotein is a sustainable alternative to animal protein because of its rich amino
acid profile and good digestibility of nutrient components. Fruit pomace was used as
an inexpensive source of carbon and energy for the production of mycoprotein by the
edible fungus Neurospora intermedia.

Alshaikh et al. (2026). “Valorizing date fruit pomace,” BioResources 21(4), 11766-11789. 11783



PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

ACKNOWLEDGMENTS

The authors extend their appreciation to the Ongoing Research Funding program
(ORF - 2026 - 1358) King Saud University, Riyadh, Saudi Arabia.

Conflict of Interest
The authors do not have any conflict of interest in publication of this research
article.

Use of Generative Al
Authors did not use any Al tools in the preparation of text, and data analysis.

REFERENCES CITED

Abbasi, F., and Samaei, M. R. (2019). “The effect of temperature on airborne filamentous
fungi in the indoor and outdoor space of a hospital,” Environmental Science and
Pollution Research International 26(17), 16868-16876.
https://doi.org/10.1007/s11356-017-0939-5

Akram, M., Tan, C. K., Garwood, R., and Thai, S. M. (2015). “Vinasse—A potential
biofuel-Cofiring with coal in a fluidised bed combustor,” Fuel 158, 1006-1015.
https://doi.org/10.1016/j.fuel.2015.06.036

Al Farsi, M.A., and Lee, C.Y. (2008). “Nutritional and functional properties of dates: A
review,” Food Science and Nutrition 48, 877-887.
https://doi.org/10.1080/10408390701724264

Alam, M. Z., Al-Hamimi, S., Ayyash, M., Rosa, C. T., Yahia, E. M., Haris, S., Al-
Marzouqi, A. H., and Kamal-Eldin, A. (2023). “Contributing factors to quality of date
(Phoenix dactylifera L.) fruit,” Scientia Horticulturae 321, article 112256.
https://doi.org/10.1016/j.scienta.2023.112256

Alam, M. Z., Alhebsi, M. S., Ghnimi, S., and Kamal-Eldin, A. (2021). “Inability of total
antioxidant activity assays to accurately assess the phenolic compounds of date palm
fruit (Phoenix dactylifera L.),” NFS Journal 22, 32-40.
https://doi.org/10.1016/j.nfs.2021.01.001

Al-Ansari, M., Kalaiyarasi, M., Almalki, M.A. and Vijayaraghavan, P. (2020).
“Optimization of medium components for the production of antimicrobial and
anticancer secondary metabolites from Streptomyces sp. AS11 isolated from the
marine environment,” Journal of King Saud University-Science 32(3), 1993-1998.
https://doi.org/10.1016/j.jksus.2020.02.005

Alarjani, K.M., Elshikh, M.S., Alghmdi, M.A., Arokiyaraj, S. and Ponnuswamy, V.
(2024). “Valorization of date molasses and municipal solid waste for the production
of cellulases by Trichoderma reesei Al-K1 149 in a tray reactor,” Waste and Biomass
Valorization 15(10), 5833-5842. https://doi.org/10.1007/s12649-024-02665-3

Alfaro-Viquez, E., Roling, B. F., Krueger, C. G., Rainey, C. J., Reed, J. D., and Ricketts,
M. L. (2018). “An extract from date palm fruit (Phoenix dactylifera) acts as a co-
agonist ligand for the nuclear receptor FXR and differentially modulates FXR target-
gene expression in vitro,” PLOS One 13(1), article €0190210.
https://doi.org/10.1371/journal.pone.0190210

Alshaikh et al. (2026). “Valorizing date fruit pomace,” BioResources 21(4), 11766-11789. 11784


https://doi.org/10.1007/s11356-017-0939-5
https://doi.org/10.1007/s11356-017-0939-5
https://doi.org/10.1016/j.fuel.2015.06.036
https://doi.org/10.1080/10408390701724264
https://doi.org/10.1016/j.scienta.2023.112256
https://doi.org/10.1016/j.nfs.2021.01.001
https://doi.org/10.1016/j.jksus.2020.02.005
https://doi.org/10.1007/s12649-024-02665-3
https://doi.org/10.1371/journal.pone.0190210

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Al-Janah, A. S., and Al-Mudhafr, A. W. (2021). “Study of the composition and
functional properties of zahdi dates pomace remains from date syrup industry,” Plant
Archives 21, 109-113. https://doi.org/10.51470/PLANTARCHIVES.2021.v21.51.021

Alu'datt, M. H., Rababah, T., Tranchant, C. C., Al-u'datt, D. A., Gammoh, S., Alrosan,
M., Bani-Melhem, K., Aldughpassi, A., Alkandari, D., and Abujalban, D. (2025).
“Date palm (Phoenix dactylifera) bioactive constituents and their applications as
natural multifunctional ingredients in health-promoting foods and nutraceuticals: A
comprehensive review,” Comprehensive Reviews in Food Science and Food
Safety 24(1), article numbere70084. https://doi.org/10.1111/1541-4337.70084

AOAC (1995). International, Official Methods of Analysis of AOAC International,
AOAC International, Arlington, VA, USA.

Arokiyaraj, S., Elshikh, M. S., Alarjani, K. M., Alghmdi, M. A., and Vijayaraghavan, P.
(2025). “Valorization of rubber tree sawdust biomass for the production of laccase-
lignin peroxidase and bioconversion of sawdust,” Biomass Conversion and
Biorefinery 15(20), 27227-27240.https://doi.org/10.1007/s13399-024-05322-w

ASTM D3175-20 (2020). “Standard test method for volatile matter in the analysis sample
of coal and coke,” ASTM International, West Conshohocken, PA, USA.

Barakat, H., and Alfheeaid, H. A. (2023). “Date palm fruit (Phoenix dactylifera) and its
promising potential in developing functional energy bars: Review of chemical,
nutritional, functional, and sensory attributes,” Nutrients 15(9), article2134.
https://doi.org/10.3390/nu15092134

Barathikannan, K., Sridhar, K., Murugan, J.S., Rangaraj, V.M., Pabba, M., Mettu, S. and
Banat, F. (2025). “Metabolomics-guided valorization of lactic acid bacteria-
fermented date pomace for functional food applications,” LWT2025, article 118872.
https://doi.org/10.1016/j.1wt.2025.118872

Bari, M. R., Alizadeh, M., and Farbeh, F. (2010). “Optimizing endopectinase production
from date pomace by Aspergillus niger PC5 using response surface methodology,”
Food and Bioproducts Processing 88(1), 67-72.
https://doi.org/10.1016/j.fbp.2009.03.004

Bartholomai, B. M., Ruwe, K. M., Thurston, J., Jha, P., Scaife, K., Simon, R.,
Abdelmoteleb, M., Goodman, R. E., and Farhi, M. (2022). “Safety evaluation of
Neurospora crassa mycoprotein for use as a novel meat alternative and enhancer,”
Food and Chemical Toxicology 168, article 113342.
https://doi.org/10.1016/j.fct.2022.113342

Bchir, B., Rabetafika, H. N., Paquot, M., and Blecker, C. (2014). “Effect of pear, apple
and date fibres from cooked fruit by-products on dough performance and bread
quality,” Food and Bioprocess Technology 7(4), 1114-1127.
https://doi.org/10.1007/s11947-013-1148-y

Biji, G. D., Arun, A., Muthulakshmi, E., Vijayaraghavan, P., Arasu, M. V., and Al-
Dhabi, N. A. (2016). “Bio-prospecting of cuttle fish waste and cow dung for the
production of fibrinolytic enzyme from Bacillus cereus INDS in solid state
fermentation,” 3 Biotech 6(2), article 231.https://doi.org/10.1007/s13205-016-0553-0

Borchani, C., Masmoudi, M., Besbes, S., Attia, H., Deroanne, C., and Blecker, C. (2011).
“Effect of date flesh fiber concentrate addition on dough performance and bread
quality,” Journal of Texture Studies 42(4), 300-308. https://doi.org/10.1111/j.1745-
4603.2010.00278.x

Cheng, S. Y., Tan, X., Show, P. L., Rambabu, K., Banat, F., Veeramuthu, A., Lau, B. F.,
Ng, E. P, and Ling, T. C. (2020). “Incorporating biowaste into circular bioeconomy:

Alshaikh et al. (2026). “Valorizing date fruit pomace,” BioResources 21(4), 11766-11789. 11785


https://doi.org/10.51470/PLANTARCHIVES.2021.v21.S1.021
https://doi.org/10.1111/1541-4337.70084
https://doi.org/10.1007/s13399-024-05322-w
https://doi.org/10.3390/nu15092134
https://doi.org/10.1016/j.lwt.2025.118872
https://doi.org/10.1016/j.fbp.2009.03.004
https://doi.org/10.1016/j.fct.2022.113342
https://doi.org/10.1007/s11947-013-1148-y
https://doi.org/10.1007/s13205-016-0553-0
https://doi.org/10.1111/j.1745-4603.2010.00278.x
https://doi.org/10.1111/j.1745-4603.2010.00278.x

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

A critical review of current trend and scaling up feasibility,” Environmental
Technology and Innovation 19, article 101034.
https://doi.org/10.1016/j.eti.2020.101034

Dai, Y., Liu, Y., Wang, Z., Han, S., Tao, Y., Wang, Z., Dong, M., Wang, D., and Xia, X.
(2025). “Enhanced mycoprotein production of Neurospora intermedia from soy
processing byproducts: Integration of ultrasonic stimulation with repeated-batch
simultaneous saccharification and culture,” Bioresource Technology 437, article
133124. https://doi.org/10.1016/j.biortech.2025.133124

de Araujo, J. A., Ferreira, N. R., da Silva, S. H. M., Oliveira, G., Monteiro, R. C., Alves,
Y. F. M, and Lopes, A. S. (2019). “Filamentous fungi diversity in the natural
fermentation of Amazonian cocoa beans and the microbial enzyme activities,” Annals
of Microbiology 69(9), 975-987. https://doi.org/10.1007/s13213-019-01488-1

El Arem, A., Saafi, E.B., Flamini, G., Issaoui, M., Ferchichi, A., Hammami, M., Helall,
A.N., and Achour, L. (2012). “Volatile and nonvolatile chemical composition of
some date fruits (Phoenix dactylifera L.) harvested at different stages of maturity,”
International Journal of Food Science and Technology 47(3), 549-555.
https://doi.org/10.1111/5.1365-2621.2011.02876.x

El-Sheikh, M. A., Rajaselvam, J., Abdel-Salam, E. M., Vijayaraghavan, P., Alatar, A. A.,
and Biji, G. D. (2020). “Paecilomyces sp. ZB is a cell factory for the production of
gibberellic acid using a cheap substrate in solid state fermentation,” Saudi Journal of
Biological Sciences 27(9), 2431-2438. https://doi.org/10.1016/j.sjbs.2020.06.040

FAOSTAT (2024). “Food and Agriculture Organization of the United Nations,” FAO,
Available online: https://www.fao.org/faostat/en/#rankings/countries by commodity,
Accessed14 Nov 2025.

Furlan, O., de Oliveira, N. S., de Paula, R. C., Rosa, R. T., Michelotto, P. V., Weber, S.
H., Bianchini, L. F., and Rosa, E. A. R. (2024). “Pilot scale production of high-
content mycoprotein using Rhizopus microsporus var. oligosporus by submerged
fermentation and agro-industrial by-products,” Bioresource Technology 413, article
131515. https://doi.org/10.1016/j.biortech.2024.131515

Gamarra-Castillo, O., Echeverry-Montana, N., Marbello-Santrich, A., Hernandez-
Carrion, M., and Restrepo, S. (2022). “Meat substitute development from fungal
protein (Aspergillus oryzae),” Foods 11(19), article 2940.
https://doi.org/10.3390/foods11192940

Gmoser, R., Ferreira, J. A., Lundin, M., Taherzadeh, M. J., and Lennartsson, P. R.
(2018). “Pigment production by the edible filamentous fungus Neurospora
intermedia,” Fermentation 4(1), article 11.
https://doi.org/10.3390/fermentation4010011

Gmoser, R., Fristedt, R., Larsson, K., Undeland, 1., Taherzadeh, M. J., and Lennartsson,
P. R. (2020). “From stale bread and brewers spent grain to a new food source using
edible filamentous fungi,” Bioengineered 11(1), 582-598.
https://doi.org/10.1080/21655979.2020.1768694

Habib, H. M., and Ibrahim, W. H. (2011). “Nutritional quality of 18 date fruit varieties,”
International Journal of Food Sciences and Nutrition 62(5), 544-551.
https://doi.org/10.3109/09637486.2011.558073

Haris, S., Alam, M., Galiwango, E., Mohamed, M. M., Kamal-Eldin, A., and Al-
Marzougqi, A. H. (2023). “Characterization analysis of date fruit pomace: An
underutilized waste bioresource rich in dietary fiber and phenolic antioxidants,”
Waste Management 163, 34-42. https://doi.org/10.1016/j.wasman.2023.03.027

Alshaikh et al. (2026). “Valorizing date fruit pomace,” BioResources 21(4), 11766-11789. 11786


https://doi.org/10.1016/j.eti.2020.101034
https://doi.org/10.1016/j.biortech.2025.133124
https://doi.org/10.1007/s13213-019-01488-1
https://doi.org/10.1111/j.1365-2621.2011.02876.x
https://doi.org/10.1016/j.sjbs.2020.06.040
https://www.fao.org/faostat/en/#rankings/countries_by_commodity
https://doi.org/10.1016/j.biortech.2024.131515
https://doi.org/10.3390/foods11192940
https://doi.org/10.3390/fermentation4010011
https://doi.org/10.1080/21655979.2020.1768694
https://doi.org/10.3109/09637486.2011.558073
https://doi.org/10.1016/j.wasman.2023.03.027

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

Hashem, M., Hesham, A. E. L., Alamri, S. A., and Alrumman, S. A. (2014). “Production
of single-cell protein from wasted date fruits by HanseniasporauvarumKKUY-0084
and Zygosaccharomyces rouxii KKUY-0157,” Annals of Microbiology 64(4), 1505-
1511. https://doi.org/10.1007/s13213-013-0793-8

Hashemi, S. S., Karimi, K., and Taherzadeh, M. J. (2021). “Integrated process for
protein, pigments, and biogas production from baker’s yeast wastewater using
filamentous fungi,” Bioresource Technology 337, article 125356.
https://doi.org/10.1016/j.biortech.2021.125356

Heckman, M. (1971). “Collaborative study of copper in feeds by atomic absorption
spectrophotometry,” Journal of the Association of Official Analytical Chemists 54(3),
666-668. https://doi.org/10.1093/jacac/54.3.666

Humpendder, F., Bodirsky, B. L., Weindl, 1., Lotze-Campen, H., Linder, T., and Popp, A.
(2022). “Projected environmental benefits of replacing beef with microbial
protein,” Nature 605(7908), 90-96.https://doi.org/10.1038/s41586-022-04629-w

Jaouhari, Y., Disca, V., Ferreira-Santos, P., Alvaredo-Lopez-Vizcaino, A., Travaglia, F.,
Bordiga, M., and Locatelli, M. (2024). “Valorization of date fruit (Phoenix
dactylifera L.) as a potential functional food and ingredient: Characterization of fiber,
oligosaccharides, and antioxidant polyphenols,” Molecules 29(19), article4606.
https://doi.org/10.3390/molecules29194606

Karimi, S., Mahboobi Soofiani, N., Lundh, T., Mahboubi, A., Kiessling, A., and
Taherzadeh, M. J. (2019). “Evaluation of filamentous fungal biomass cultivated on
vinasse as an alternative nutrient source of fish feed: Protein, lipid, and mineral
composition,” Fermentation 5(4), article 99.
https://doi.org/10.3390/fermentation5040099

Kosmala, M., Kotodziejczyk, K., Zdunczyk, Z., Juskiewicz, J., and Boros, D. (2011).
“Chemical composition of natural and polyphenol-free apple pomace and the effect of
this dietary ingredient on intestinal fermentation and serum lipid parameters in rats,”
Journal of Agricultural and Food Chemistry 59(17), 9177-9185.
https://doi.org/10.1021/;£201950y

MainiRekdal, V., Villalobos-Escobedo, J. M., Rodriguez-Valeron, N., Olaizola Garcia,
M., Prado Vasquez, D., Rosales, A., Sorensen, P. M., Baidoo, E. E., Calheiros de
Carvalho, A., Riley, R., et al. (2024). “Neurospora intermedia from a traditional
fermented food enables waste-to-food conversion,” Nature Microbiology 9(10), 2666-
2683. https://doi.org/10.1038/s41564-024-01799-3

Majumder, R., Miatur, S., Saha, A., and Hossain, S. (2024). “Mycoprotein: Production
and nutritional aspects: A review,” Sustainable Food Technology 2(1), 81-91.
https://doi.org/10.1039/D3FB00169E

Majzoobi, M., Karambakhsh, G., Golmakani, M. T., Mesbahi, G. R., and Farahnaky, A.
(2019). “Chemical composition and functional properties of date press cake, an agro-
industrial waste,” Journal of Agricultural Science and Technology 21, 1807-1817.
https://doi.org/20.1001.1.16807073.2019.21.7.18.9

Mariotti, F., Tomé, D. and Mirand, P.P. (2008). “Converting nitrogen into protein—
beyond 6.25 and Jones' factors,” Critical Reviews in Food Science and Nutrition
48(2), 177-184. https://doi.org/10.1080/10408390701279749

Muioz-Bas, C., Vedor, R., Machado, D., Barbosa, J. C., Gomes, A. M., Pérez-Alvarez, J.
A., and Fernandez-Lopez, J. (2025). “In vitro evaluation of biological properties of
high-added value ingredients (date juice and date powder) obtained from date co-

Alshaikh et al. (2026). “Valorizing date fruit pomace,” BioResources 21(4), 11766-11789. 11787


https://doi.org/10.1007/s13213-013-0793-8
https://doi.org/10.1016/j.biortech.2021.125356
https://doi.org/10.1093/jaoac/54.3.666
https://doi.org/10.1038/s41586-022-04629-w
https://doi.org/10.3390/molecules29194606
https://doi.org/10.3390/fermentation5040099
https://doi.org/10.1021/jf201950y
https://doi.org/10.1021/jf201950y
https://doi.org/10.1038/s41564-024-01799-3
https://doi.org/10.1039/D3FB00169E
https://dor.isc.ac/dor/20.1001.1.16807073.2019.21.7.18.9
https://doi.org/10.1080/10408390701279749

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

products,” Applied Food Research 5(1), article 100685.
https://doi.org/10.1016/j.afres.2024.100685

Nair, R. B., Lennartsson, P. R., and Taherzadeh, M. J. (2016). “Mycelial pellet formation
by edible ascomycete filamentous fungi, Neurospora intermedia,” AMB Express 6(1),
article 31. https://doi.org/10.1186/s13568-016-0203-2

Nancib, A., Nancib, N., Boubendir, A., and Boudrant, J. (2015). “The use of date waste
for lactic acid production by a fed-batch culture using Lactobacillus casei subsp.
Rhamnosus,” Brazilian Journal of Microbiology 46(3), 893-902.
https://doi.org/10.1590/S1517-838246320131067

Nasser, R.A., Salem, M.Z., Hiziroglu, S., Al-Mefarrej, H.A., Mohareb, A.S., Alam, M.
and Aref, .M. (2016). “Chemical analysis of different parts of date palm (Phoenix
dactylifera L.) using ultimate, proximate and thermo-gravimetric techniques for
energy production,” Energies 9(5), article 374. https://doi.org/10.3390/en9050374

O’shea, N., Ktenioudaki, A., Smyth, T. P., McLoughlin, P., Doran, L., Auty, M. A. E.,
Arendt, E., and Gallagher, E. (2015). “Physicochemical assessment of two fruit by-
products as functional ingredients: Apple and orange pomace,” Journal of Food
Engineering 153, 89-95.https://doi.org/10.1016/j.jfoodeng.2014.12.014

Okonkwo, C. E., Samad, N., Mohamed, H., O’Connor, M. J., Varghese, S., Al-Marzouqi,
A. H., Ayyash, M., Boldor, D., and Kamal-Eldin, A. (2025). “Characterization of
dietary fiber and soluble carbohydrates in date fruits (Phoenix dactylifera
L.),” Scientific Reports 15(1), article 31616. https://doi.org/10.1038/s41598-025-
16812-w

Qian, F., Riddle, M. C., Wylie-Rosett, J., and Hu, F. B. (2020). “Red and processed
meats and health risks: How strong is the evidence?,” Diabetes Care 43(2), 265-271.
https://doi.org/10.2337/dci19-0063

Quiles, A., Campbell, G. M., Struck, S., Rohm, H., and Hernando, I. (2018). “Fiber from
fruit pomace: A review of applications in cereal-based products,” Food Reviews
International 34(2), 162-181. https://doi.org/10.1080/87559129.2016.1261299

Racero-Galaraga, D., Rhenals-Julio, J.D., Sofan-German, S., Mendoza, J.M., and Bula-
Silvera, A. (2024). “Proximate analysis in biomass: Standards, applications and key
characteristics,” Results in Chemistry12, article 101886.
https://doi.org/10.1016/j.rechem.2024.101886

Rambabu, K., Bharath, G., Hai, A., Banat, F., Hasan, S. W., Taher, H., and Mohd Zaid,
H. F. (2020). “Nutritional quality and physico-chemical characteristics of selected
date fruit varieties of the United Arab Emirates,” Processes 8(3), article 256.
https://doi.org/10.3390/pr8030256

Razzaque, M.S., and Wimalawansa, S.J. (2025). “Minerals and human health: From
deficiency to toxicity,” Nutrients17(3), article 454.
https://doi.org/10.3390/nu17030454

Sahni, P., and Shere, D. M. (2018). “Utilization of fruit and vegetable pomace as
functional ingredient in bakery products: A review,” Asian Journal of Dairy and
Food Research 37(3), 202-211.https://doi.org/10.18805/ajdfr.DR-1369

Sait, H. H., Hussain, A., Salema, A. A., and Ani, F. N. (2012). “Pyrolysis and combustion
kinetics of date palm biomass using thermogravimetric analysis,” Bioresource
Technology 118, 382-389.https://doi.org/10.1016/j.biortech.2012.04.081

Sar, T., Ferreira, J. A., and Taherzadeh, M. J. (2020). “Bioprocessing strategies to
increase the protein fraction of Rhizopus oryzae biomass using fish industry

Alshaikh et al. (2026). “Valorizing date fruit pomace,” BioResources 21(4), 11766-11789. 11788


https://doi.org/10.1016/j.afres.2024.100685
https://doi.org/10.1186/s13568-016-0203-2
https://doi.org/10.1590/S1517-838246320131067
https://doi.org/10.3390/en9050374
https://doi.org/10.1016/j.jfoodeng.2014.12.014
https://doi.org/10.1038/s41598-025-16812-w
https://doi.org/10.1038/s41598-025-16812-w
https://doi.org/10.2337/dci19-0063
https://doi.org/10.1080/87559129.2016.1261299
https://doi.org/10.1016/j.rechem.2024.101886
https://doi.org/10.3390/pr8030256
https://doi.org/10.3390/nu17030454
https://doi.org/10.18805/ajdfr.DR-1369
https://doi.org/10.1016/j.biortech.2012.04.081

PEER-REVIEWED ARTICLE bioresources.cnr.ncsu.edu

sidestreams,” Waste Management 113, 261-269.
https://doi.org/10.1016/j.wasman.2020.06.005

Sluiter, A., Hames, B., Hyman, D., Payne, C., Ruiz, R., Scarlata, C., Sluiter, J.,
Templeton, D., and Wolfe, J. J. N. R. E. L. (2008). Determination of Total Solids in
Biomass and Total Dissolved Solids in Liquid Process Samples, National Renewable
Energy Laboratory, Golden, CO, USA.

Sobti, B., Kamal-Eldin, A., Rasul, S., Alnuaimi, M. S. K., Alnuaimi, K. J. J., Alhassani,
A. A. K., Almheiri, M.M., and Nazir, A. (2023). “Encapsulation properties of Mentha
piperita leaf extracts prepared using an ultrasound-assisted double emulsion
method,” Foods 12(9), article 1838. https://doi.org/10.3390/foods12091838

Starzynska-Janiszewska, A., Stodolak, B., Dulinski, R., Mickowska, B., and Sabat, R.
(2016). “Fermentation of colored quinoa seeds with Neurospora intermedia to obtain
oncom-type products of favorable nutritional and bioactive characteristics,” Cereal
Chemistry 94(3), 619-624.https://doi.org/10.1094/CCHEM-10-16-0264-R

Subhash, A. J., Bamigbade, G. B., and Ayyash, M. (2024). “Current insights into date by-
product valorization for sustainable food industries and technology,” Sustainable
Food Technology 2(2), 331-361.https://doi.org/10.1039/d3fb00224a

Sudha, M. L., Baskaran, V., and Leelavathi, K. (2007). “Apple pomace as a source of
dietary fiber and polyphenols and its effect on the rheological characteristics and cake
making,” Food Chemistry 104(2), 686-692.
https://doi.org/10.1016/j.foodchem.2006.12.016

Telmo, C., Lousada, J., and Moreira, N. (2010). “Proximate analysis, backwards stepwise
regression between gross calorific value, ultimate and chemical analysis of wood,”
Bioresource Technology 101(11), 3808-3815.
https://doi.org/10.1016/j.biortech.2010.04.009

Vijayaraghavan, P., Rajendran, P., Prakash Vincent, S. G., Arun, A., Abdullah Al-Dhabi,
N., ValanArasu, M., Young Kwon, O., and Kim, Y. O. (2017). “Novel sequential
screening and enhanced production of fibrinolytic enzyme by Bacillus sp. IND12
using response surface methodology in solid-state fermentation,” BioMed Research
International 2017(1), article 3909657. https://doi.org/10.1155/2017/3909657

Vijayaraghavan, P., Arun, A., Al-Dhabi, N.A., Vincent, S.G.P., Arasu, M.V., and Choi,
K.C. (2016). “Novel Bacillus subtilis IND19 cell factory for the simultaneous
production of carboxy methyl cellulase and protease using cow dung substrate in
solid-substrate fermentation,” Biotechnology for Biofuel 9(1), article 73.
https://doi.org/10.1186/s13068-016-0481-6

Article submitted: May 21, 2026; Peer review completed: July 11, 2026; Revised version
received: July 17, 2026; Accepted: September 13, 2026; Published: October 20, 2026.
DOI: 10.15376/biores.21.4.11766-11789

Alshaikh et al. (2026). “Valorizing date fruit pomace,” BioResources 21(4), 11766-11789. 11789


https://doi.org/10.1016/j.wasman.2020.06.005
https://doi.org/10.3390/foods12091838
https://doi.org/10.1094/CCHEM-10-16-0264-R
https://doi.org/10.1039/d3fb00224a
https://doi.org/10.1016/j.foodchem.2006.12.016
https://doi.org/10.1016/j.biortech.2010.04.009
https://doi.org/10.1155/2017/3909657
https://doi.org/10.1186/s13068-016-0481-6

	INTRODUCTION
	Date Fruit Pomace Minerals
	Analysis of Amino Acids
	RESULTS AND DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGMENTS
	REFERENCES CITED

