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ABSTRACT

The objective of this study was to evaluate the physicochemical, bioactive, and technological
properties of pasta made from durum wheat semolina that was partially replaced with Acorn flour
at levels of 10%, 20%, and 30%. The incorporation of Acorn flour had a substantial impact on the
nutritional composition of the pasta, resulting in increases in total phenolic content (TPC), total
flavonoid content (TFC), and antioxidant capacity in comparison with the control sample. The
highest values for TPC and TFC were found in the samples containing 20% and 30% Acorn flour
(p<0.05), demonstrating the functional potential of this formulation. However, an increase in the
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Acorn Flour the pasta's colour. This gl?sewation is cons'istent With the findings of previous research conductgd
Functional Pasta on the use of non-traditional flours. While the increased amounts of Acorn flour resulted in
Antioxidant Activity enhanced nutritional and antioxidant profiles, the darker appearance and alterations in texture may
Phenolic Content have implications for sensory and visual acceptability. The present findings are corroborated by
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and sorghum have exhibited analogous trends in enhancing bioactive compounds and altering
technological properties. Incorporation of Acorn flour at levels ranging from 10% to 20% optimises
the health benefits of pasta while maintaining its desirable sensory and structural characteristics.
Presented research contributes to the valorization of non-wood forest product (NWFP) resources
and the development of innovative functional pasta products using sustainable ingredients.
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Introduction

Functional foods are defined as those offering health
benefits beyond basic nutrition by containing bioactive
compounds like probiotics, antioxidants, and dietary fibers,
which enhance physiological functions and reduce the risk
of chronic diseases (Martirosyan & Stratton, 2023; Monika
et al., 2023; Shaikh, 2022). According to the Functional
Food Center, these benefits must be clinically proven
through  specific = biomarkers, emphasizing their
scientifically supported role in promoting health
(Martirosyan & Singh, 2015; Martirosyan & Miller, 2018).
The growing awareness of health has led to an increase in
the consumption of functional foods. There is a particular
focus on products that address nutritional deficiencies and
lifestyle-related diseases, especially among vulnerable
populations. Additionally, there is a cultural shift toward
incorporating local and indigenous ingredients (Alkhatib et
al., 2017; Das & Chakraborty, 2014; Jendyose, 2024;

Narayana et al., 2020). In 2015, the global market for
functional products was valued at around $129.39 billion.
Projections for 2024 had it at $230 billion, but it has since
increased to $364.18 billion. The latest estimates point to a
further rise to $793.60 billion by 2032, up from $398.81
billion in 2025. This growth reflects increasing consumer
demand driven by perceived health benefits and changing
behavioral attitudes (Bajat et al., 2023; Fortune Business
Insights., 2025; Rezai et al., 2014; Sivamaruthi et al.,
2018). A non-wood forest product (Acorns) are rich in
carbohydrates, fats, proteins, essential vitamins, and
minerals. They also contain significant levels of bioactive
compounds. These include tannins and polyphenols. These
compounds contribute to their flavor and antioxidant and
antimicrobial properties (Akcan et al., 2017; Fkiri et al.,
2023; Gonzalez-Iglesias, 2025; Kaya & Kamalak, 2012;
Medeiros-Fonseca et al., 2024).
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Studies have shown that incorporating Acorn phenolics
into the diet can enhance health benefits (Pasqualone et al.,
2019; Zocchi et al., 2022). The high tannin content of
Acorns can reduce the bioavailability of nutrients due to its
interaction with proteins and essential nutrients, thereby
lowering digestibility (Fuka et al., 2025; Kaya & Kamalak,
2012). This binding can interfere with digestive enzymes,
hindering the absorption of proteins, amino acids, and
minerals. Despite their nutritional richness, this should be
considered when consuming Acorns (Issa et al., 2022; Sun
et al., 2024). Acorns can be processed in various ways,
such as soaking, leaching and fermenting, which can
significantly reduce tannin and phytic acid levels. This, in
turn, improves nutrient bioavailability and the bioactive
profile. These treatments also enhance the functional
properties of Acorns, such as fibre and phytochemical
content, promoting better absorption and sustained health
benefits (Korus et al., 2015; Zocchi et al., 2022). The
potential health benefits of Acorns, as well as their
metabolic implications, make them a promising natural
product for functional food development.

The pasta industry has recently been concentrating on
finding alternative raw materials. This is because health-
conscious consumers are demanding new products, and the
industry needs to be sustainable. Durum wheat semolina is
still the traditional choice for its protein and gluten quality
(Bresciani et al., 2022a; la Pefia et al., 2015), but new
ingredients are being explored to improve the nutritional
and sensory profile of pasta. The key motivation behind
using alternative raw materials in pasta is to boost its
nutritional value. Formulations with whole grains and
legumes try to increase protein, fibre, and micronutrient
content (Bresciani et al., 2022a). The potential for quality
whole-grain pasta with good sensory traits has also been
shown by hulled wheat (Bobryk-Mamczarz et al., 2021).
Additionally, high-fibre ingredients like oat B-glucans can
improve satiety. They can also support gut health
(Krawecka et al.,, 2020). Numerous studies have
investigated the addition of Moringa leaf powder and other
functional ingredients to pasta, which has been shown to
enhance its nutritional value (Simonato et al., 2020). In a
similar manner, the ingestion of wheatgrass juice has been
demonstrated to enhance the bioactive content and improve
both functional and sensory properties (Bawa et al., 2022).

The use of ancient grains such as einkorn and quinoa
also supports sustainability and nutrition goals, which are
important in today's world. Enhanced nutrient profiles are
offered by these grains and the environmental footprint
may be reduced compared to conventional wheat
(Mercatante et al., 2025; Paucar-Menacho et al., 2023).

The main objective of this study was to evaluate the
physicochemical, bioactive, and technological properties
of pasta produced with wheat semolina by adding Acorn
flour at different ratios. The polyphenolic properties of
Acorn flour during the digestive process have been
investigated in the literature, but the oak species was not
specified, and the effects of different usage rates on the
technological properties of pasta were not evaluated
(Kasprzak-Drozd et.al., 2024). This study used Acorn
obtained from native oak trees to the Kaz Mountains. After
Acorn were ground into flour, they were added at 10%,
20%, and 30% levels to evaluate their effects on the overall
composition, bioactivity, and technological performance of

pasta. Parameters such as physicochemical analysis,
bioactive compounds, and antioxidant capacity, colour
analysis, technological properties, optimum cooking time,
water content, volume and weight gain were analysed on
the pasta samples obtained within the scope of the study.
The data obtained reveals how pasta quality changes in
terms of functional content and shows the potential for
transforming non-wood forest product (agricultural waste)
into functional products in the food industry.

This study provides an innovative and sustainable
contribution to the literature in terms of reutilising Acorn,
which is a waste in Tiirkiye, as a functional food ingredient
and integrating it into a common product such as pasta.

Materials and Methods

Research Design

This study evaluated the physicochemical, bioactive,
and technological properties of pasta enriched with Acorn
flour at different ratios. Four different ratios of wheat
semolina and Acorn flour were used in the mixtures that
made up the experimental groups: 0%, 10%, 20%, and
30%. The control group consisted of industrially produced
pasta made solely from wheat semolina. The production
process was carried out in accordance with the standard
industrial protocol for pasta production, as outlined below.

Raw Material and Sample Preparation

The Acorns used came from Kaz Mountains (Balikesir-
Tirkiye) region in October-November. Acorn flour is
made using only the fruit portions of Acorns. To prepare
the Acorns, the outer skins of the dried (room temperature
at 15 days) fruits are first peeled off, and then the Acorns
are soaked in water for 24 hours to remove any remaining
thin skins. Acorns have a naturally bitter taste due to their
high tannin content (Luczaj et al., 2014). To produce Acorn
flour, this bitterness must be eliminated. The process
begins by crushing the peeled Acorns into smaller pieces
using a spice grinder (AKSE AKSI115, Tiirkiye). Next, the
coarse Acorn flour is placed in glass jars and mixed with
water at a 1:1 ratio. The jars are shaken for 1 minute and
then stored in the refrigerator at 4°C. After 12 hours, the
jars are taken out, the water is carefully decanted while
retaining the settled Acorn flour, and replaced with fresh
water at the same 1:1 ratio. This procedure of shaking,
cooling, and replacing the water is repeated every 12 hours
for a total of 6 days. The Acorn flour is tasted after each
cycle until the bitterness from the tannins is reduced to an
acceptable level. After the 6-day process, the Acorn flour
is placed in a cheesecloth-lined strainer and allowed to
drain for 4 hours. Following the draining, it is evenly
spread on greaseproof paper and dried in an oven at 45°C
for 24 hours. It is then ground in the mill (Buhler MLI
205/5) to the size required (0.1 mm — 0.5 mm) for pasta
production (Hoeche & Noci., 2014).

Pasta Production

To produce Acorn pasta, the process begins by mixing
Acorn flour with durum wheat semolina and water
according to the proportions specified in Table 1. Three
different formulations of Acorn pasta dough were prepared
(Figure 1a), consisting of 10%, 20%, and 30% Acorn flour.
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Figure 1. Production stages of Acorn pasta: a) Pasta balls, b) Rolling out dough, ¢) Thinned dough, d) Cutting and
shaping, e) Resting, f) Drying, g) Packaging

Table 1. Composition of Pasta Formulations Containing Acorn Flour

Ingredients 0% (Control) 10% Acorn Flour 20% Acorn Flour 30% Acorn Flour
Durum Wheat Semolina (g) 500 450 400 350
Acorn Flour (g) - 50 100 150
Water (ml) 150 175 200 225

The traditional method for pasta production, which
includes kneading, shaping, and drying, was followed as
described by Hallag (2016). Initially, Acorn flour, durum
wheat semolina, and water were combined in the specified
ratios and kneaded by hand until the mixture formed into balls.
To prevent the dough from drying out, the they were
covered with stretch film, and the dough was allowed to rest
for approximately 30 minutes. A home-type pasta machine
(New Life brand) was then used to roll out and shape the pasta
dough. The rested dough was passed through rollers
numbered 6-7 on the machine to thin it out, before being cut,
shaped, and rested once more (Figure 1b). The shaped and
rested (Figure lc, 1d, 1e) pasta was then dried at 90°C for 3-4
hours until its moisture content fell below 12% (Figure 1f).
Once dried, the Acorn pasta was placed in zip-lock
polyethylene bags for storage until further analysis (Figure
1g). A control sample was produced using the same procedure
but with only durum wheat semolina and water at a 30% v/w
ratio. As the amount of Acorn flour increased, the amount of
water added had to be increased because the hardness of the
dough increased.
Experimental groups: Four groups were established for
the experimental study.
Control Group (C): Classic pasta produced on an
industrial scale using only semolina
e Experimental Group 1: 10% Acorn flour and 90%
wheat semolina.

e Experimental Group 2: 20% Acorn flour and 80%
wheat semolina.

e  Experimental Group 3: 30% Acorn flour and 70%
wheat semolina.

The total dry matter content was kept constant in all
samples.

Physicochemical Analysis

Analysis of Moisture, Ash, and Total Dry Matter

Determining moisture content

Pasta can be achieved using a Foss Infratec 1241 Grain
Analyzer, calibrated in accordance with the AACC 44-
16.01 method. Before testing, pasta samples was ground
using a Foss CM 190 Cemotec grinder (Anonymous,
2015).

Determination of Total Protein

The protein content was determined using near-infrared
spectroscopy (NIRS) with the FOSS Total NIRS™
DA1650 instrument (FOSS Analytical A/S, Hillered,
Denmark). For this analysis, measurements were
performed using a built-in calibration model. Prior to
analysis, samples were collected and homogenized.
Twenty to twenty-five grams of each sample were placed
in the replicate chamber of the instrument. Homogeneous
scanning was achieved at intervals throughout the
measurement period, and the results were automatically
evaluated using the instrument's built-in software (ISIscan
Nova™), Protein content was expressed as a percentage of
dry matter (w/w, d.m.) according to the instrument's
reference calibration developed for flour products. Each
sample was analyzed in triplicate, and the resulting data
were reported as the mean + standard deviation.

Ash Determination

The ash content of the pasta samples was analyzed in
accordance with AOAC Method No. 940.26 (AOAC,
1990). This analysis was also performed in triplicate, and
the results were reported as grams per 100 grams (g/100g).

Bioactive Compound and Antioxidant Capacity Analyses

For the analysis of bioactive compounds, 2 grams of
pasta samples were homogenized in both ethanol and
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methanol using a homogenizer (Daihan Hg-15D, South
Korea). The homogenates were then kept in the dark for 24
hours at ambient temperature to facilitate the solubilization
of the bioactive compounds. After this period, the
homogenates were centrifuged at 10000 rpm for 10
minutes, and the supernatant was used for further analyses.

Determination of TPC

Extracts prepared at various concentrations were placed in
0.1 mL tubes, and distilled water was added to achieve a total
volume of 4.6 mL. Next, 0.1 mL of Folin-Ciocalteu reagent
(diluted 1:3 with distilled water) and 0.3 mL of a 7% sodium
carbonate solution were added. The mixture was then
incubated in a shaking water bath at room temperature for 2
hours, after which the absorbance of the resulting blue color
was measured at 760 nm. A reference solution containing 0.1
mL of distilled water instead of the extract was used for
comparison. The TPC was determined using the Folin-
Ciocalteu reagent with gallic acid solutions prepared at
different concentrations. A calibration curve was constructed
by plotting the measured absorbances against the
corresponding concentrations, resulting in a linear equation.
The TPC of the samples was then calculated as mg gallic acid
equivalents (mg GAE/g extract). The experiment was
repeated three times to calculate the average value.

Preparation of the Gallic Acid Calibration Curve

To establish the standard equation for gallic acid, solutions
of gallic acid at different concentrations were prepared using the
Folin-Ciocalteu method, and the absorbance of the resulting
colors was measured at 760 nm. This experiment was also
repeated three times, and the obtained values were used to
create the gallic acid calibration curve using the least-squares
method. The TPC of the extracts was determined in mg gallic
acid equivalents using the appropriate equation derived from
the standard gallic acid graph (Giiliim et al., 2025).

Total Antioxidant Capacity

Determination of DPPH Radical Scavenging Activity

The free radical scavenging activity of the extracts was
assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical method, as described by Giilim et al. (2025). A
total of 0.1 mL of each extract, prepared at concentrations
ranging from 2 to 32 mg/mL, was combined with standard
solutions of ascorbic acid and BHT, prepared at
concentrations of 5 to 30 pg/mL. After this, 3.9 mL ofa 0.1
mM DPPH solution (in methanol) was added to each
mixture. The samples was vortexed for 1 minute and then
left to stand at room temperature in the dark for 30 minutes.
The absorbance was measured at 517 nm using a UV
spectrophotometer (Shimadzu 1800), with methanol as a
blank. A control was prepared under the same conditions,
substituting 0.1 mL of methanol for the sample and
standard. The absorbance of the control was measured
daily. The experiment was repeated three times, and the
results averaged. Before calculating the EC50 value, the %
DPPH radical scavenging capacity was be determined
using the following formula (equation 1):

% DPPH RSC=[(A0 — A1) / A0] x 100 (1)

RSC: Radical Scavenging Capacity

Where: - A0 = Absorbance of the control solution

Al = Absorbance of the plant extracts and standard
solutions

The EC50 value is defined as the concentration of the
extract or standard that results in a 50% decrease in the
initial DPPH concentration. This value was calculated
using the linear equation obtained from plotting the % free
radical scavenging activity against the concentrations
studied, expressed as EC50 in mg/mL.

Determination of Ferric Reducing Antioxidant Power
(FRAP)

The ferric reducing antioxidant power (FRAP) assay
was performed according to the method by Benzie & Strain
(1996). The FRAP reagent was prepared by mixing 25 mL
of 300 mM acetate buffer (pH 3.6), 2.5 mL of a TPTZ
solution (10 mM in 40 mM HCI), and 2.5 mL of 20 mM
FeCls-6H,0, which was incubated at 37°C for 30 minutes.
Following this, 3.8 mL of the FRAP reagent was mixed
with 0.2 mL of the extract or standard, with distilled water
used as the blank. The absorbance was measured at 593 nm
against the blank at the 4th minute. The FRAP value
(mM/L Fe**) will represent the reduction of 1 mM Fe(III)
to Fe(Il). To prepare the calibration graph: First, a 1000
mM solution of FeSO47H,O was prepared and then
diluted with distilled water to obtain solutions at
concentrations of 500 mM, 250 mM, 125 mM, and 62.5
mM. After applying the FRAP test to these solutions, the
resulting color absorbance was measured at 593 nm against
a blank at the 4th minute. The experiment was repeated
three times, and the regression equation was obtained by
plotting the FeSO4-7H,0 calibration graph using the least-
squares method.

Copper (Ii) lon Reducing Antioxidant Capacity Method
(Cuprac)

The copper (1) ion reducing antioxidant capacity of the
extracts was determined using the method developed by
Apak et al. First, It was prepared a test tube containing 1
mL each of the following solutions: a 10 mM copper (II)
solution, a 7.5 mM neocuproine (Nc) solution, anda 1.0 M
ammonium acetate (NH4Ac) buffer solution. Next, add 1
mL of the sample at different concentrations, followed by
0.1 mL of ethanol (the solvent medium used to prepare the
plant extract). Afterward, adjust the total volume to 4.1
mL. Seal the tubes and allow them to sit at room
temperature for 60 minutes to facilitate the reaction. The
absorbance of each sample was measured at 450 nm, the
wavelength characteristic of the color of the formed Cu(I)-
Nec chelate, using a reference solution that contains ethanol
instead of the sample extract.

Summary of Volumes: - I mL Cu(Il) - 1 mL Nc - 1 mL
NH4Ac - 1 mL sample extract - 0.1 mL EtOH - Total
Volume =4.1 mL

Preparation of the Trolox Calibration Curve: To obtain
a reliable equation from the Trolox calibration curve, first
prepare a 10 mL stock solution of 4.0 mM Trolox in
ethanol. By diluting this solution with ethanol, create
solutions with concentrations ranging from 0.025 to 0.25
mM. After applying the CUPRAC method to these
solutions, measure and record the absorbance of the
resulting colors at 450 nm against the reference solution.

Abts Radical Cation Scavenging Activity

The ABTS+ radical cation scavenging activity was
determined according to the method suggested by Bulut et
al. (2020). It was prepared a 7 mM ABTS+ solution
containing 2.45 mmol of potassium persulfate.
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It was leaved this solution in the dark for 12 to 16 hours
under ambient conditions to allow radical formation.
Dilute the dark blue solution with 20 mM sodium acetate
(pH: 4.5) until its absorbance at 734 nm reaches 0.7 £ 0.01.
Start the timing by adding sample extracts to the radical
solution in the cuvette. Measure the decrease in absorbance
after 6 minutes at 734 nm wusing a UV-Vis
spectrophotometer (Agilent Cary-60, Santa Clara, CA,
USA). The reduction of ABTS+ radicals was calculated
using the following formula (equation 2):

) __ (Acontrol — ASample)

ABTS + RSC (% x 100 (2)

Acontrol

RSC: Radical Scavenging Capacity

ASample: absorbance of the sample

Acontrol: absorbance of the control

The ICs for the samples was calculated similarly to the
DPPH method, as described by Bulut et al. (2020).

Determination of TFC

The total flavonoid content of extracts and fractions was
determined using a modified method based on Feduraev et
al. (2022). To evaluate flavonoid performance, a
complexation procedure was carried out with the financial
support of alkaline-conjugated sodium nitrite. In this
procedure, 100 pL of the pasta extract or standard solution
was mixed with 300 pL of a 5% sodium nitrite solution and
incubated for 5 minutes. Following this, 300 pL of a 10%
aluminum chloride (AICl3) solution was added to the
mixture, which was then incubated at 27°C for 6 minutes.
Subsequently, 2 mL of 0.5 M sodium hydroxide (NaOH)
was added, and distilled water was used to dilute the mixture
to a total volume of 10 mL. For the absorbance
measurements, 100 pL of distilled water was added to each
sample, followed by 10 pL of sodium nitrite (50 g/mL) and
25 puL of catechin solutions (ranging from 10-240 pg/mL)
or sample solutions (200 pg/mL). The absorbance was
measured at 510 nm after 30 seconds. Catechin was utilized
as a standard to generate a calibration curve (r> = 0.9996),
and the resulting data were analyzed using linear regression
to express the flavonoid content as mg of catechin
equivalents per extract or fraction (mg CatE/g).

Color Determination

In this study, analysis was carried out using a modified
version of the method described by Giiliim et al. (2019) for
determining colour values. Color analysis (L*, a*, b*) was
conducted on pasta samples using a to determine the color
of Acorn flour. Surface color values of pasta samples were
measured using a Minolta CR-400 (Konica Minolta, Inc.,
Osaka, Japan). L* indicates light-dark, a* represents red-
green, and b * denotes the yellow-blue color scale.

Technological Features

Optimum Cooking Time

The cooking time was established based on the method
described by Koksel et al. (2000). To determine the
cooking time, 25 g of pasta was added to 200 mL of pure
water that has reached boiling point on a heater. A
stopwatch was started as soon as the water boils. To check
the pasta doneness, the strands was sandwiched between

two slides every minute. This process was continued until
the white lines in the middle of the pasta disappear. The
time taken for the white lines to disappear was recorded as
the optimum cooking time.

Volume Increase (VOI %) Determination

For analysis, both raw and cooked pasta samples were
placed in a graduated cylinder containing a specific amount
of distilled water, and the increase in water level was
measured. The volume increase was calculated using the
following equation (Ozkaya et.al., 1990) (equation 3):

__ (Cooked Pasta Volume — Raw Pasta Volume)

VoI =

x 100 (3)

Raw Pasta Volume

Weight Increase (WEI%) Determination

For this analysis, a 25 g pasta sample was cooked for
the specified time. After cooking, the drained pasta was
allowed to stand for 5 minutes, and pasta samples was
weighed after all the water has completely separated. The
pasta was weighed before and after cooking, and the weight
increase was calculated using the following equation (Oh
et al., 1985) (equation 4):

(Cooked Pasta Weight — Raw Pasta Weight)

WEI = -
Raw Pasta Weight

(4)

Determination of Matter Transferred to Water

For this procedure, 250 mL of pure water was boiled in
a 500 mL beaker using a Soxhlet apparatus, and 25 g of
pasta was added. The cooking process continued for 20
minutes. After cooking, the pasta samples were filtered into
500 mL beakers using a Buchner funnel. The pasta was
then be washed with 90 mL of pure water and filtered again
through the Buchner funnel. The total volume of the
washing and cooking water was adjusted to 350 mL and
mixed thoroughly with a stirring rod.

Fifty milliliters of this water were added to previously
weighed beakers. The contents of the beakers were
evaporated until dry using a water bath. The beaker
contents were then be dried to a constant weight in an oven
set at 135°C and kept in a desiccator before being weighed.
The amount of substance transferred to the water was
calculated (ATW%) using the following equation (Kahveci
& Ozkaya., 1989) (equation 5):

Mx28)
100 - R

ATW = x 100 (5)

where:

M = the dry matter (mg) obtained from the evaporated
cooking water sample,

R = the moisture content (%) of the pasta sample before
cooking.

Statistical Analysis

The experiment was conducted using a randomized plot
design with three replications and two parallels. Data was
analyzed using one-way analysis of variance (ANOVA) to
assess the significance of the treatments. If the F test
indicates a significant result, the differences between the
means was compared using Fisher's Least Significant
Difference (LSD) test. Statistical analysis was performed
using JMP 16 Pro (SAS, USA).
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Results and Discussion

Physicochemical Analysis

The moisture, protein, and total ash contents of the
experimental treatments are presented in Table 2. The
results indicated that the chemical composition of the pasta
samples significantly changed with higher rates of Acorn
flour addition (p < 0.05). As the proportion of Acorn flour
increased from 0% to 30%, there were notable decreases in
both moisture and protein content. The control sample
exhibited the highest moisture content at 9.68 + 0.40% and
the highest protein content at 14.81 + 0.61%. In contrast,
the sample with a 30% Acorn addition showed the lowest
moisture and protein values at 5.96 + 0.25% and 11.94 +
0.50%, respectively. This decrease is likely due to the
lower protein and water retention rates of Acorn flour
compared to Durum wheat semolina. On the other hand,
the ash content showed a slight increase with the addition
of Acorn flour. The highest ash value was recorded in the
sample containing 30% Acorns, at 0.92 + 0.01%, while the
lowest values of 0.88 + 0.00% were observed in the control
and 10% groups. This increase in ash content aligns with
the mineral-rich composition of Acorns, as supported by
existing literature.  This study examined the
physicochemical, bioactive and technological properties of
pasta enriched with 10%, 20% or 30% Acorn flour.
Analysis showed that increasing the Acorn flour content
significantly led to a reduction in moisture content but also
lowered protein levels. However, the increase in ash
content suggests that Acorns are a good source of minerals.
Although protein levels decreased slightly with the
addition of Acorn flour, this did not negatively impact the
product's overall nutritional value. Additionally, a
significant increase in total ash content was observed when
Acorn flour was incorporated.

The results of the analysis of variance (ANOVA)
showed that the addition rate of Acorn flour had a
significant effect on the moisture, protein, and ash contents
of the pasta samples (p < 0.05). Specifically, the F-value
for moisture content was 94.08, demonstrating a highly
significant effect of the addition rate on moisture content
(p <0.0001). Similarly, the addition rate had a significant
impact on protein content, with statistically significant
differences found (F = 15.49, p = 0.0011). Additionally,
variations in the addition rate led to a highly significant
difference in ash content (F = 72.90, p < 0.0001). These
results suggest that incorporating Acorn flour considerably
affects the basic nutritional components of pasta products
and highlight the importance of optimising the addition
level for product quality.

The moisture content of pasta is of paramount
importance, as it exerts a direct influence on both the
quality of the product and its shelf life.

As posited by Man et al. (2016), pasta manufactured
using buckwheat flour exhibited moisture levels that were
analogous to those of conventional wheat flour pasta.
However, it was found to possess considerably elevated
protein and ash content. This discrepancy can be attributed
to the higher nutritional content of buckwheat relative to
wheat. Zheng et al. (2016) also observed that the moisture
absorption characteristics of pasta made from green banana

flour are distinct, which has a significant impact on its
overall cooking quality.

Protein is an essential nutritional component of pasta.
Studies have shown that pasta made with alternative flours,
such as legume or Acorn flour, has a higher protein content
(Kaur et al., 2011). Additionally, the importance of the
protein network in the structure of the dough has been
emphasized, and variations in enzyme degradation have
been noted in pasta made with green banana flour (Zheng
etal., 2016). Ash content, which is indicative of the mineral
composition of sustenance, has been shown to undergo
substantial enhancement when alternative flours, such as
Acorn flour, are utilised (Martins et al., 2022). In a similar
vein, Zhang et al., (2021) corroborated the finding that the
incorporation of legumes and other non-wheat flours into
pasta formulations enhances the mineral profile of the
resulting products. A comparison of this study with
existing literature demonstrated that incorporating a
different flour into pasta made from Durum wheat resulted
in significant improvements in pasta quality, thereby
aligning with the findings of other studies.

Bioactive Compound and Antioxidant Capacity
Analyses

Changes in the total phenolic substance (TPC) and
antioxidant capacity values of the samples depending on
the Acorn flour addition and the type of solvent used
(ethanol and methanol) are given in Table 1. The analysis
results are presented item by item, and the differences and
trends for each parameter are discussed.

TPC Results of Samples

The results of the analysis of variance for TPC
indicated that both the addition rate of Acorn flour and the
type of extraction solvent (ethanol and methanol) had
highly statistically significant effects (Figure 2), both
independently and in combination (p < 0.0001). The
change in the addition rate resulted in a significant
difference in TPC. Additionally, the type of solvent also
had a strong impact on phenolic extraction efficiency.
Furthermore, the interaction between the addition rate and
the solvent type was highly significant as well, suggesting
that these two factors together significantly influenced
TPC levels.

The overall explanatory power of the model was high,
with low error variance (MSerror = 0.01), which supports
the reliability of the design used in this analysis. These
findings suggest that using Acorn flour in combination
with appropriate solvents can be an effective strategy for
enhancing the functional components in pasta.

It has been demonstrated that Acorn flour is notable for
its high content of bioactive components, with polyphenols
being of particular interest given their established health
benefits, including antioxidant, anti-inflammatory, and
potential anticancer characteristics (da Vinha et al., 2016).

As posited by Mousavi et al., the incorporation of
increasing quantities of Acorn flour into food products has
been demonstrated to enhance the TPC and antioxidant
activity of the resulting products, thereby concomitantly
augmenting their nutritional value (Mousavi et al., 2021).
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Table 2. Some physicochemical properties of pasta samples

Acorns Ratio Moisture (%)p<0.05"

Protein (%)p<0.05

Ash (%/dry matter)p<0.05

0% 9.68 ( 0.40) 1481 (£0.61)°
10% 7.57 (0.31)° 13.31 (£ 0.55) "
20% 6.09 (£0.25)° 12.52 (& 0.52) b°
30% 5.96 (£0.25)° 11.94 (£ 0.50) ©

0.88 (£ 0.00) ©
0.88 (+0.00) ©
0.89 (< 0.00) ®
0.92 (£0.01)

*Statistical differences between values in the same column. (p<0.05), ” DUNCAN analysis groups.

Table 3: Analyses Results of Bioactive Compound and Antioxidant Capacity

Solvent Acorn Flour TPC(mM) DPPH (mM) FRAP (mM) CUPRAC(mM) ABTS (mM) TFC (mM)
Type Ratio p<0.05" p<0.05 p<0.05 p<0.05 p<0.05 p<0.05

0% 0.94°(x0.05)"™"  1.14%(+0.06) 0.30°(%0.02) 3.79°(x0.19) 8.27%=0.40) 0.69%=0.03)

Ethanol 10% 1.19°(£0.06) 8.713(x0.43) 8.39%=0.41) 13.28%=0.65) 15.25%+0.74) 1.28%=0.06)
20% 1.24%(£0.06)  6.84°(+0.33) 5.53%(%0.27) 13.85%0.68) 14.45%=+0.71) 1.80%%0.09)

30% 1.33%(=£0.07) 6.82%(£0.33) 5.71%(=0.28) 14.26%+0.70) 14.30%=0.70) 1.51°%(=0.07)

0% 0.804(0.04) 5.83%(0.28) 2.27%%0.11) 4.33%(£0.21) 5.52°%(%0.27) 0.63%%0.01)

Methanol 10% 1.92¢(+0.09) 9.08%£0.44) 12.30%=0.60) 17.00°(£0.83) 15.38%0.75) 0.79°(0.04)
20% 2.75%£0.13) 9.08%(+0.44) 12.80°%(£0.62) 19.37%£0.95) 15.34%£0.75) 1.28%%0.06)

30% 3.56%=+0.17) 9.17%%0.45) 13.87%(+0.68) 18.79%+0.92) 15.30%=+0.75) 0.50°(=0.02)

"The presence of different letters indicates statistical differences between values in the same column (p<0.05), " DUNCAN analysis results, " Standard deviation.
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Figure 2. TPC values in different solvents

The presence of Acorn flour in formulations has been
demonstrated to significantly improve both antioxidant
activity and phenolic content, thus highlighting its
potential as a health-promoting ingredient. This study
demonstrated that there was a positive correlation between
TPC and higher concentration, a finding that is consistent
with existing literature on the subject.

Total Antioxidant Capacity

The results of the variance analysis for DPPH radical
scavenging indicated that both the addition of Acorn meal
and the choice of extraction solvent had highly significant
effects (Figure 3) on DPPH storage (p < 0.0001). Changes
in the additive had a significant impact on DPPH values,
with an F value of 264.13. Similarly, DPPH activity was
significantly influenced by the type of slurry, and it was
also directly affected by the extraction conditions. The
correlation between the additive rate and the type of slurry
was significant as well, suggesting that a combined
evaluation of the extraction conditions and formulation is
important. The overall significance of the model was quite
high, and the low error variance (MSerror = 0.14) further
supported the study's findings. In conclusion, both the
quantity of Acorns and the careful selection of the
appropriate solvent played critical roles in the results and
were directly affected by these factors.

Acorn flour has a unique nutritional composition and
bioactive properties that make it an ideal candidate for
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Figure 3. DPPH values in different solvents

developing functional food products. In a study by Zocchi et
al. (2022), the potential uses of Acorn flour in creating
innovative products that meet current health and nutrition
trends were explored. The study highlighted Acorn flour's role
as a sustainable ingredient. Additionally, research conducted
by Suo et al. (2025) investigated the effects of Acorn flour in
bread-making. Their findings indicated that Acorn flour not
only enhanced the nutritional profile of baked goods but also
improved their sensory attributes, contributing to a richer
aroma and more complex flavor (Suo et al., 2025). Acorn
flour is notable for its bioactive components, especially
polyphenols, which are linked to a variety of health benefits,
including antioxidant, anti-inflammatory, and potential
anticancer properties (da Vinha et al., 2016).

The analysis of variance (ANOVA) results for the FRAP
(Ferric Reducing Antioxidant Power) analysis showed that
both the ratio of Acorn flour additive and the type of extraction
solvent had highly statistically significant effects (Figure 4) on
FRAP values (p < 0.0001). The impact of the Acorn flour
additive ratio on FRAP levels was particularly significant.
Similarly, the type of solvent used also significantly
influenced FRAP activity. Additionally, the interaction
between the additive ratio and the solvent type was found to
be highly significant, suggesting that both the formulation and
the extraction conditions work together to affect antioxidant
capacity. Overall, the significance level of the model was very
high, and the low error variance (MSerror = 0.19) reflects the
reliability of the data obtained and the robustness of the
experimental design.
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Figure 6. ABTS values in different solvents

These findings indicate that the functional and
bioavailable properties of pasta can be significantly enhanced
by combining Acorn flour with the appropriate solvent.

Torabi et al. investigated the impact of Acorn flour on
the nutritional properties of gluten-free biscuits. They
found that incorporating Acorn flour significantly
improved the moisture content, crude fiber, carbohydrate
levels, and antioxidant capacity of the biscuits compared to
the control formulations (Torabi et al., 2020). Furthermore,
Sikora et al. confirmed that substituting up to 15% of wheat
flour with Acorn flour does not negatively affect the
structural integrity of bread and is generally well-received
by consumers. This supports the idea of using Acorn flour
as a functional ingredient in baking (Sikora et al., 2024).

The analysis of variance findings for the CUPRAC
(Cupric Reducing Antioxidant Capacity) evaluation
indicated that both the rate of Acorn flour addition and the
type of extraction solvent had a statistically significant
impact (Figure 5) on the CUPRAC values of the samples
(p <0.0001). The influence of varying the addition rate on
antioxidant capacity was highly significant. Different
extraction solvents also led to significant variations in
CUPRAC levels (Figure 5). The interaction between the
addition rate and the solvent type was a significant source
of variation. The overall model was highly significant as
wel, and the error variance was low at MSerror = 0.48.
These results suggest that both formulation changes and
extraction conditions significantly affected the antioxidant
capacity measured by the CUPRAC method.

Recent studies have assessed the antioxidant capacity of
Acorn flour using various assays. Martins et al. (2022)
reported notable antioxidant activity values: 0.51 + 0.04 mg
Trolox equivalents for ABTS, 0.27 £ 0.01 mg for DPPH, and
0.36 + 0.04 mg for FRAP. These findings suggest that Acorn
flour can significantly enhance the antioxidant properties of
pasta. Although there are limited studies specifically
addressing Acorn flour in relation to the CUPRAC assay,
Grasso et al. (2019) provide a broader discussion on
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Figure 5. CUPRAC values in different solvents

2.50 B Ethanol B Methanol
2.00 |
Ay
—_ — —
S 150 _— B
g [=u =]
S — _— N
& Loo _— _— N
-/ _— \\\
0.50 } // =
-
—_
0.00
0% 10% 20% 30%

Acorn Flour Ratio (%)

Figure 7. TFC values in different solvents

alternative flours. They highlight the potential of various
flours, including Acorn flour, to enhance antioxidant
capacities in food products by reducing oxidative agents.

The results of the ABTS (2,2-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid)) radical scavenging
capacity test showed that varying the addition rate of Acorn
flour had a significant impact on the antioxidant capacity of
the samples. In contrast, the type of solvent used during the
extraction process did not result in a statistically significant
difference (Figure 6) in ABTS values (p > 0.05). However,
there was a significant interaction between the Acorn flour
addition rate and the solvent type, which led to variations in
ABTS values. Overall, the model was found to be highly
significant and the error variance was low (MS error = 0.43).

These findings suggest that changes in the Acorn flour
ratio strongly influence the antioxidant activity measured
by the ABTS method, while the type of solvent has a
limited impact on it.

TFC Results of the Samples

The analysis of variance for the TFC data showed that
the addition rate of Acorn flour had a significant effect on
TFC levels (p < 0.0001). Additionally, the type of
extraction solvent also significantly influenced (Figure 7)
flavonoid levels. The interaction between the addition rate
and the type of solvent was statistically significant as well.
These findings indicate that TFC levels are highly sensitive
to both the addition rate and the type of solvent used, and
that these two factors should be considered together.

Moo-Huchin et al. (2025) discovered that incorporating
Acorn flour into pasta significantly increased its TFC and
antioxidant activity, thereby enhancing its functional and
nutritional value. Similarly, Man et al. (2016) found that
buckwheat flour improved TFC and elevated the levels of
bioactive compounds in pasta when compared to wheat-
based formulations. This increase in TFC is attributed to
buckwheat's naturally rich flavonoid profile, which
contributes to enhanced antioxidant potential.
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Teterycz et al. (2019) demonstrated that incorporating
legume flours, such as chickpea and red lentil, into pasta
formulations increased the TFC, thereby enhancing both the
antioxidant capacity and nutritional quality of the pasta.
Similarly, Espinosa-Solis et al. (2019) found that enriching
pasta with oat bran significantly improved TFC and
antioxidant activity. These findings emphasize the
importance of including fiber- and flavonoid-rich
ingredients to enhance the functional benefits of pasta.
Padalino et al. (2018) emphasized that incorporating olive
oil by-products into pasta significantly increases the total
phenolic and flavonoid contents, thus enhancing its
antioxidant activity. This approach underscores the potential
of utilizing food industry by-products for the development
of functional foods. Similarly, Frankowski et al. (2022)
found that adding sorghum flour resulted in higher to TFC
and improved antioxidant capacity in pasta. Their study
confirmed strong correlations through DPPH, FRAP, and
ABTS assays. These findings highlight the importance of
TFC as a crucial contributor to the antioxidant potential of
enriched pasta formulations.

Table 4: Acorn Ratio results for Color Determination

Figur olor differences of samples with different
amounts of Acorn added.

Acorns Ratio L*(p<0.05"). a*(p<0.05). b*(p<0.05). AE(p<0.05).
0% 84.98 (£ 3.52) ¥ -0.17 (£0.01) ¢ 17.96 (£ 0.74) ® 0.01 (£0.02)?
10% 65.77 (£2.73)® 6.09 (£ 0.25)" 17.41 (£0.72) ® 20.21 (£ 0.04)°
20% 62.67 (£2.60)® 6.66 (£0.28)° 17.67 (£0.73) ® 23.33 (+0.03) ¢
30% 61.60 (£2.55)" 7.07 (£0.29)° 17.40 (£0.72) ® 24.48 (£ 0.03) ¢

*The presence of different letters indicates statistical differences between values in the same column. (p<0.05), " DUNCAN analysis results.

Table 5. Technological Features of Pasta Samples

Acorns Ratio Cooking time (min) Volume gain (%) Weight gain (%) Leached Dry Mattar
(p<0.05") (p<0.05) (p<0.05) (%) (p<0.05)
0% 14.20 + 0.84 ** 3048 £8.97° 195.73 £40.522 5.06+0.35¢
10% 8.36+220° 24.65+7.76 ® 202.67 +£30.75° 6.01+0.07°¢
20% 12.77+0.68 2 20.62+3.05° 158.77 £ 12.10 % 6.63+£0.04°
30% 13.50+£0.50* 17.52+4.81° 127.23£11.30° 10.84 £0.05*

" Differences between values in the same column. (p<0.05), “ DUNCAN analysis results

Color Determination

The evaluation of color parameters revealed that the
addition of Acorn flour significantly influenced the L*
(lightness) and a* (redness) values.

When Acorn flour added, the L * values decreased notably,
indicating that the product’s color became darker. For
instance, the L* value of the control group (0% Acorn flour)
was 84.98, which dropped to 61.60 when 30% Acorn flour
was added. Additionally, the a* values increased significantly
with higher addition rates, showing that red tones became
more pronounced. However, there was no statistically
significant change in the b* values (which represent yellow
tones) as the addition rate varied. Overall, these findings
suggest that incorporating Acorn flour results in a darker
(Figure 8) and redder product color, while having no
significant effect on yellow tones (Table 4).

The variance analysis of the color parameters revealed
that the addition of Acorn flour had a highly statistically
significant effect, especially on the L* and a* values (p <
0.0001). As the amount of Acorn flour increased, the L*

value, which indicates lightness, decreased significantly,
resulting in a darker product color.

The decrease in L values may be attributed to the high
polyphenol and phenolic compound content of Acorn
flour, which can promote browning reactions and
consequently lead to darker coloration in the pasta samples.

In contrast, the a* value, which reflects redness,
increased significantly with higher amounts of the additive,
indicating that the Acorn flour intensified the red tones in
the product. However, changes in the b* parameter, which
represents yellow tones, were not statistically significant,
and the additive rate did not have a meaningful impact on
this color component (p = 0.7696).

Jayasena & Nasar-Abbas (2011) observed that
incorporating lupin flour into pasta resulted in a lower L*
value, which indicates a darker appearance compared to
traditional wheat semolina. Similarly, Oliveira et al. (2015)
found that increasing levels of chia flour substitution led to
a significant decrease in brightness, with a 30% chia flour
addition resulting in the darkest pasta. Manzur-Chavez et
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al. (2022) found that the L* value of spaghetti enriched
with colored corn flour was significantly affected by the
cooking process, with carotenoids and protein content
playing crucial roles in color changes. Similarly, Bresciani
et al. (2022b) emphasized that both the ingredients and
processing methods influenced the color and surface
characteristics of red lentil pasta, indicating that the
composition of the flour directly impacts its visual appeal.
Filipovi¢ et al. (2015) reported that the addition of inulin
improved pasta texture and brightness (measured as L*),
while also reducing red tones. This indicates inulin's
influence on both the physical and sensory properties of the
pasta. Similarly, Boff et al. (2022) found that incorporating
grape pomace flour altered the color of the pasta while
maintaining  acceptable sensory  characteristics.
Additionally, Simonato et al. (2020) demonstrated that
fortifying pasta with Moringa oleifera leaf changed its
color due to interactions between fiber and protein. This
highlights how functional ingredients can affect both the
visual and structural qualities of pasta.

Technological Features

An analysis of cooking times based on the ratio of
Acorn inclusion revealed that pasta without any additives
had an average cooking time of 14.20 minutes. The shortest
cooking time was observed in pasta with a 10% Acorn
inclusion ratio, averaging just 8.36 minutes, which was
statistically shorter than the other treatments.

As the inclusion ratio of Acorn increased, the cooking
time also increased, reaching 12.77 minutes at a 20% ratio
and 13.50 minutes at a 30% ratio. These times approached
that of the pasta without additives (Table 5).

Recent findings suggest that using alternative flours, such
as parota flour, can significantly reduce cooking times. For
example, pasta containing 30% parota flour requires only 8
minutes of cooking time, compared to 11 minutes for the
control (Moo-Huchin et al., 2025). Similar effects have been
observed with lupin and other legume flours, which generally
promote faster cooking times of 5-8 minutes due to their
softening effect. However, some studies have noted longer
cooking times due to their higher protein content (Duda et al.,
2019; Pefia & Manthey, 2014). Likewise, buckwheat, soy,
vegetable powders, and oat bran have been shown to influence
gelatinization dynamics and water absorption, thereby
reducing optimal cooking times to varying degrees (Man et
al., 2016; Vimercati et al., 2020; Rachman et al., 2019).
Overall, these studies demonstrate that using alternative flours
tends to shorten cooking times compared to traditional wheat
pasta (Pena & Manthey, 2014).

Additionally, the volume gain of the pasta was
inversely related to the Acorn inclusion ratio, with volume
gain decreasing as the amount of Acorn increased. The
volume gain for pasta without additives was 30.48%,
which decreased to 24.65% at a 10% inclusion ratio,
20.62% at a 20% inclusion ratio, and 17.52% at a 30%
inclusion ratio (see Table 5). Several studies have shown
that incorporating Acorn flour into wheat flour can enhance
the baking performance of various products. According to
Szablowska & Tanska (2025), adding Acorn flour alters
the rheological properties of dough, which affects its
extensibility and resistance to stretching. This addition can
not only improve the nutrient profile of baked goods but

also influence their sensory attributes and dough handling
characteristics.

Zen et al. (2022) reported in a study that the type of flour
used affects weight gain during cooking. Specifically,
adding spirulina to pasta dough resulted in greater weight
gain than traditional pasta. This was attributed to gluten's
ability to retain moisture during cooking (Zen et al., 2020).
Additionally, producing functional pasta with alternatives
such as amaranth flour has been shown to increase weight
gain due to its ability to absorb water during cooking (Bello-
Pérez et al., 2022). In this study, adding Acorn flour at a
concentration of 10% increased the cooking weight of pasta,
indicating an improvement in water absorption capacity.
However, higher concentrations (20% and 30%) decreased
the cooking weight, likely due to the gluten network being
weakened. Chiavaroli et al. found that using gluten-free
ingredients in pasta production can affect cooking efficiency
and water absorption (Chiavaroli et al., 2018). Additionally,
different processing techniques, such as dry extrusion, can
affect the cooking quality and weight of gluten-free pasta.
Extruded products often have different water absorption and
cooking behaviors than non-extruded products, affecting
overall weight gain (Paucar-Menacho et al., 2024).

The ANOVA results indicated that the cooking process
(p=0.0002), the amount of leaked dry matter (p<<0.0001),
and weight gain (p=0.0076) were significantly influenced
by the rate of Acorn addition. However, the effect of Acorn
addition on volume increase was found to be insignificant
(p=0.0559).

The functional properties of Acorn flour are crucial for
its use in food formulations. Research by Correia & Beirdo-
Da-Costa (2011) indicated that drying temperatures affect
the starch-related functional and thermal properties of
Acorn flour. The starch in Acorn flour possesses viscosity,
swelling, and gelling properties, which make it suitable for
various products such as bread, pastries, and other baked
goods (Zarroug et al., 2020). These characteristics are
important for achieving desirable textures in gluten-free
products.

Conclusion and Recommendations

The physicochemical, technological, and bioactive
properties of pasta made with 10%, 20%, and 30% Acorn
flour were evaluated. It was found that adding 10-20%
Acorn flour was the most suitable level for functional
additives. The inclusion of Acorn flour led to a reduction
in moisture content but also lowered protein levels. The
addition of Acorns had a measurable effect on some
technological properties. For example, the addition of 10%
Acorn flour significantly reduced cooking time, but overall
technological properties remained within acceptable
ranges. This reduction remained acceptable, especially in
samples with the 10-20% Acorn flour addition. A darker
color was noted during the color change, which contributed
to the perception of a more natural product. In terms of
functionality, the TPC, TFC, and antioxidant capacity
(measured by DPPH, FRAP, and CUPRAC methods)
increased significantly. In particular, pasta containing 20%
Acorn flour showed increases of up to 45% compared to
the control group. The interactions between the type of
extraction solution and the ratio of the additive
significantly impacted these values. In conclusion,
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functional pasta with enhanced nutritional value and
technological acceptability can be produced by
incorporating 10-20% Acorn flour. These findings suggest
that Acorn flour has significant potential as a sustainable,
local, and economical ingredient in the production of
functional foods. While the addition of Acorn flour may
lead to a certain increase in production costs, the resulting
product can be considered a functional food. Given the
added value provided by functional food labeling, such
products can be sold at a higher market price, offsetting the
additional costs and generating economic benefits.
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