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ABSTRACT

Eriste, a traditional Turkish noodle, is a fundamental food product derived from cereal
and can be nutritionally enriched. This study utilised grape seed powder (GSP), a by-
product of winemaking abundant in polyphenols and fibre, to substitute wheat flour at
levels of 0% (control), 2.5%, 5%, 7.5%, and 10% (w/w of flour) for the manufacture of
functional noodles. The total phenolic content (TPC), total flavonoid content (TFC),
antioxidant activity (DPPH radical-scavenging), color values (L*, a*, and b*), texture
profile, and physicochemical and cooking properties of the noodles were assessed, and
mathematical modelling was employed to characterise the level-response behaviour.
Increasing the GSP level enhanced the TPC from 1755.49 to 4485.82 mg GAE/kg and
the TFC from 93.40 to 384.10 mg CE/kg, representing approximately a 2.55-fold and

Total phenoli tent
ot phenotic conten 4.1-fold increase, respectively. The DPPH radical-scavenging activity was unaffected by

the formulations (p>0.05). The incorporation of GSP produced noodles that were darker,
redder, and less yellow (reduced L* and b* values, increased a* value), exhibiting more
hardness, gumminess, and chewiness, but being less cohesive and springy. The water-
holding capacity and swelling augmented, whereas water absorption and moisture
content diminished. The cooking loss remained at an acceptable level (~6%) regardless
of the GSP level. In conclusion, GSP can be considered a promising ingredient for
producing phenolic- and flavonoid-enriched eriste while maintaining cooking stability.

INTRODUCTION

Erigte is a traditional cereal product, highly favoured in Tiirkiye, similar to Asian noodles. It is typically produced from
wheat flour, eggs, salt, and water, which are combined to form a firm dough, rolled out, cut into short strips, and dried to get
a shelf-stable form (Bilgicli, 2009; Demir et al., 2010). Eriste serves as an appropriate medium for nutritional enhancement
owing to its straightforward formulation, neutral flavour, and extended shelf-life. It has been fortified with various
ingredients, such as buckwheat flour (Bilgigli, 2009), chickpea flour and whole egg (Demir et al., 2010), as well as gluten-
free oat and/or quinoa flours (Caligkan Ko¢ & Pandiselvam, 2022), to augment its nutritional and functional properties.
Concurrently, there is a growing focus on the valorisation of agro-industrial by-products as valuable food ingredients within
a circular economy framework. The processing of grapes (Vitis vinifera L.) produces substantial quantities of pomace, with
the seed portion being especially abundant in bioactive compounds. Grape seeds include a complex matrix of around 40%
dietary fibre, 16% fat, 11% protein, and a substantial quantity of phenolic compounds, predominantly flavan-3-ol monomers
(catechin, epicatechin) along with their oligomeric and polymeric proanthocyanidins (Iuga & Mironeasa, 2020). These
compounds are potent free-radical scavengers associated with antioxidant, anti-inflammatory, and cardioprotective
properties, rendering grape seed powder a compelling component for the formulation of antioxidant-rich foods (luga &
Mironeasa, 2020).

Various approaches have been investigated to enhance pasta and noodle products using grape by-products. Research
indicated that spaghetti infused with grape marc had a markedly elevated concentration of phenolic compounds, flavonoids,
and antioxidant activity (Marinelli et al., 2015). Tolve et al. (2020) replaced 5—-10% of durum wheat semolina with grape
pomace, resulting in notable enhancements in total phenolic content, antioxidant capacity, firmness, and adhesiveness,
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alongside a reduced swelling index, optimal cooking time, and increased cooking loss. In the particular instance of Turkish
noodle, Koca etal. (2018) enhanced eriste with flours derived from grape, pomegranate, and rosehip seeds. It was determined
that a 10% addition of grape seed flour improved the antioxidant activity of eriste by almost eight times compared to the
control, while also enhancing hardness and modifying colour. Comparable trends, such as increased phenolic content and
alterations in colour and texture, have been observed in noodles enriched with several seed and kernel by-products, including
apricot kernel flour (Eyidemir & Hayta, 2009).

These studies validate the potential of grape by-products in cereal foods; however, insufficient focus has been directed
towards the systematic, dose-dependent impact of finely milled grape seed powder on the phenolic, flavonoid, antioxidant,
colour, textural, and cooking attributes of erigte, as well as a quantitative elucidation of the underlying dose—response
relationships. The objectives of this study were to (i) create eriste fortified with GSP at varying substitution levels (0—10%,
weight/ weight (w/w) of flour); (ii) assess its total phenolic and flavonoid concentrations, DPPH radical-scavenging activity,
color values, texture profile, and physicochemical and cooking characteristics; and (iii) develop dose—response models for
the bioactive responses to identify the most appropriate mathematical models.

MATERIALS AND METHODS

Materials

Wheat flour (S6ke Degirmencilik Sanayi ve Ticaret A.S.), eggs (CP Standart Gida San. ve Tic. A.S.), salt (Rafine Billur Tuz
Sanayi A.S.), and water (Erikli Su ve Mesrubat San. ve Tic. A.S.) were obtained from a local supermarket in Alanya, Antalya,
Tiirkiye. Grape seed powder was used as the enrichment ingredient. All chemicals and reagents used in the analyses were of
analytical grade.

Production of eriste

Erigte was produced according to the formulations given in Table 1, in which wheat flour was partially replaced with GSP
at 0 (control), 2.5, 5, 7.5, and 10% (w/w of flour), while the amounts of egg (250 g), salt (5 g), and water (200 mL) were
held constant. All ingredients were first weighed. Wheat flour, GSP, and egg were mixed in a benchtop mixer (Electrolux
Mixer, Sweden) at speed 4 for 3 min; water and salt were then added and mixing was continued for 5 min. The dough was
rested in a refrigerator for 30 min and divided into three equal portions. Each portion was sheeted and cut in a pasta machine
(Fackelmann, Germany) to a width of 5 mm and a thickness of 2 mm, and the strands were cut to 4 cm lengths. The samples
were dried in an oven (Memmert UF110, Germany) at 35 °C for 6 h and packaged. Two independent production replicates
were prepared, and all analyses were performed in triplicate.

Table 1. Formulations used for the production of eriste enriched with grape seed powder at increasing substitution levels
(0-10%, w/w of flour). Wheat flour was partially replaced with grape seed powder while salt, egg, and water were held
constant.

Sample Flour (g) Grape Seed Powder (g) Salt (g) Egg (2) Water (mL)
0% (Control) 500 - 5 250 200
2.5% GSP 487.5 12.5 5 250 200
5% GSP 475 25 5 250 200
7.5% GSP 462.5 37.5 5 250 200
10% GSP 450 50 5 250 200

Total phenolic content

The total phenolic content was determined by the Folin—Ciocalteu colorimetric method (Singleton & Rossi, 1965).
Absorbance was measured spectrophotometrically (Thermo Fisher Scientific, Vantaa, Finland) and the results were
expressed as milligrams of gallic acid equivalents per kilogram of sample (mg GAE/kg) using a gallic acid calibration curve.

Antioxidant activity (DPPH)

Antioxidant activity was evaluated by the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay (Brand-Williams
et al., 1995). The decrease in absorbance of the DPPH radical was monitored and the results were expressed as Trolox
equivalents per kilogram of sample (umol Trolox/kg) using a Trolox calibration curve.

Total flavonoid content

The total flavonoid content was determined by the aluminium-chloride colorimetric method (Zhishen et al., 1999). Results
were expressed both as milligrams of catechin equivalents per kilogram of sample (mg CE/kg) and as milligrams of Trolox
equivalents per kilogram of sample (mg TE/kg).

Color analysis

Instrumental surface color was measured with a colorimeter (Konica Minolta Chroma Meter CR-400, Japan) and expressed
in the CIE L*a*b* system, where L* represents lightness (0 = black, 100 = white), a* the red—green axis (positive = redness),
and b* the yellow—blue axis (positive = yellowness). Measurements were taken at several points on the dried noodles and
averaged.
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Texture profile analysis

Texture profile analysis (TPA) was conducted utilizing a TA.XT Plus model texture analyzer (Stable Micro Systems,
Godalming, Surrey, UK) equipped with a 36 mm diameter cylindrical probe and 5 kg load cells at a temperature of 22°C.
Hardness, gumminess, and chewiness (force-based parameters, g) and the dimensionless parameters cohesiveness and
springiness were obtained from the resulting force—time curves.

Physicochemical and cooking properties

Moisture (AACC (1990) No: 44-01) and ash (AACC (1990) No: 08—01) contents were determined by standard gravimetric
methods. Water holding capacity (WHC) and oil holding capacity (OHC) were measured as the mass of water or oil retained
per unit mass of sample after hydration/oiling and centrifugation (Stone el al., 2015). The swelling volume of cooked noodles
was determined volumetrically. Cooking properties were assessed by determining the optimum cooking time (the time
required for the central opaque core of the strand to disappear), the cooking loss (the amount of solids leached into the
cooking water, expressed as a percentage of sample mass), and the water absorption of the cooked noodles (Yal¢in &
Basman, 2008).

Mathematical modelling

To describe the effect of increasing GSP level (x) on the total phenolic content, antioxidant activity and total flavonoid
content of the noodles (y), linear (y = ax + b), exponential (y = ax"b), logarithmic (y = a In(x) + b), and second-order
polynomial (y = ax? + bx + c¢) models were fitted using Microsoft Excel. The goodness of fit of each model was evaluated
using the coefficient of determination (R?).

Statistical analysis

Noodle production was performed in two replicates and all measurements were made in triplicate; reported values are the
mean of the parallel analyses. Statistically significant differences among samples were determined by one-way analysis of
variance (ANOVA) with SPSS 20.0 (SPSS Inc., Chicago, IL, USA) at a = 0.05. Where the F-test indicated significance,
means were separated and labeled with different superscript letters when the p value was below 0.05.

RESULTS AND DISCUSSION

Total phenolic compounds, total flavonoid content, and antioxidant activity

Table 2 displays the total phenolic content, antioxidant activity, and total flavonoid content of eriste samples fortified with
0-10% GSP. The total phenolic content considerably increased with the addition of GSP, rising from 1755.49 mg GAE/kg
in the control to 4485.82 mg GAE/kg at the 10% level (p < 0.05). The rise was nonlinear, as the 2.5% sample (1758.11 mg
GAE/kg) did not differ substantially from the control, however substantial increases were noted at 5% (2382.24 mg GAE/kg)
and particularly at 10% (4485.82 mg GAE/kg) GSP. The phenolic content of the fortified noodles varied from 100.2% (2.5%
GSP) to 255.5% (10% GSP) relative to the control. A second-order polynomial model (y = 254.44x% — 916.4x + 2506.6; R?
= 0.915) was employed to characterise the dose-response relationship, indicating an accelerated increase in phenolics at
elevated substitution levels. This enhancement aligns with the phenolic-rich characteristics of grape seeds (Iuga &
Mironeasa, 2020) and corroborates findings that grape by-products substantially augment the phenolic content of pasta and
noodle products (Marinelli et al., 2015; Tolve et al., 2020; Koca et al., 2018).

The total flavonoid content exhibited a substantial linear rise (p<<0.05) with the concentration of GSP. The total flavonoid
content expressed as catechin equivalents rose from 93.40 mg CE/kg in the control group to 384.10 mg CE/kg at 10% GSP
(y = 73.894x + 74.413; R* = 0.926). A similar trend was observed when results were expressed as Trolox equivalents,
increasing from 827.80 to 3476.32 mg TE/kg (y = 797.71x + 113.81; R? = 0.959). The almost 4-fold rise in flavonoids is
ascribed to the substantial quantities of flavan-3-ols and proanthocyanidins in grape seeds (Iuga & Mironeasa, 2020) and
aligns with the elevated flavonoid levels observed in spaghetti fortified with grape marc (Marinelli et al., 2015).
In contrast, the DPPH radical scavenging activity exhibited no significant variation across the formulations (=872—887 umol
Trolox/kg; p > 0.05), despite a notable rise in the phenolic and flavonoid contents. Numerous factors may contribute to the
apparent disconnection between antioxidant activity and phenolic concentration. A significant percentage of grape seed
phenolics consists of high-molecular-weight, polymeric proanthocyanidins, which may be only partially extractable and
could interact with the gluten and starch matrix of the dough, therefore reducing the amount of free, DPPH-accessible
antioxidants. Furthermore, the DPPH assay has heightened sensitivity to certain low molecular weight, hydrogen-donating
phenolics and may not accurately represent the overall antioxidant capacity derived from polymeric tannins. Complementary
assays, such as ABTS or FRAP, frequently demonstrate increases that are not observed with DPPH alone (Tolve et al.,
2020). Furthermore, the drying process in eriste manufacture may reduce the action of heat and oxidation sensitive
antioxidants. Koca et al. (2018) documented an approximately 8-fold enhancement in the antioxidant activity of erigte
fortified with 10% grape seed flour. The more subdued DPPH reaction in this study likely indicates variations in the grape
material, milling and extraction conditions, and the specific test employed. The results demonstrate that overall phenolic and
flavonoid contents serve as more sensitive indicators of GSP enrichment in this matrix compared to DPPH activity alone.
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Table 2. Total phenolic content, antioxidant (DPPH radical-scavenging) activity, and total flavonoid content of erigte
formulated with 0—10% grape seed powder. Values are mean + standard deviation. Within each column, means with different
superscript letters differ significantly (p < 0.05). GAE = gallic acid equivalent; CE = catechin equivalent; TE = Trolox
equivalent; DPPH = 2,2-diphenyl-1-picrylhydrazyl.

GSP Ratio Total Phenolic Antioxidant Activity Total Flavonoid Total Flavonoid
Content (mg GAE/kg) (DPPH, pmol Trolox/kg) Content (mg CE/kg) Content (mg TE/kg)

0% (Control) 1755.49 £ 25.5° 880.20 + 13.5° 93.40 +9.76* 827.80 + 131.632

2.5% GSP 1758.11 £42.0° 872.17 +£13.32 173.60 + 7.26° 1104.91 £ 232.89°

5% GSP 2382.24 £135.3b 887.12 +10.0? 185.80 + 10.23° 1494.23 £ 121.77°

7.5% GSP 2398.25 £ 107.9° 876.51 + 8.92 293.19 £9.94¢ 2536.94 + 165.99°

10% GSP 4485.82 +£101.9° 885.73 +8.7* 384.10 = 10.86¢ 3476.32 + 137.309

Gerardi et al. (2023) discovered that enhancing durum wheat pasta with whole grape pomace flour augmented the soluble
polyphenol percentage by around ten times and nearly doubled the fibre level, with antioxidant activity correlating with
phenolic content. The mild 2.55-fold increase in total phenolics and 4-fold rise in flavonoids achieved here utilizing the
finely milled seed fraction at substitution levels of <10% align with traditional noodle processing parameters. The enrichment
positions GSP within the contemporary trend of enhancing eriste with nutrient rich components: Arer et al. (2025)
demonstrated that incorporating hull less barley and lentil flours concurrently increased phenolic content and antioxidant
capacity while reducing the estimated glycaemic index, emphasising the significance of byproduct and seed based
enrichment strategies for this traditional product.

The decline in DPPH activity, despite the significant increase in phenolic and flavonoid levels, warrants further examination
in light of recent studies on phenolic-matrix interactions. A significant portion of grape seed phenolics comprises polymeric
proanthocyanidins that exhibit a strong affinity for proteins; Milin¢i¢ et al. (2022) revealed that, following in vitro
gastrointestinal digestion, merely approximately 18% of grape-pomace-seed flavan-3-ols were recovered, a low percentage
ascribed to the establishment of stable procyanidin—protein complexes. The analogous binding of proanthocyanidins to the
gluten network of eriste dough would diminish the availability of free, DPPH reactive antioxidants, despite an increase in
the overall (Folin-reactive) phenolic content. Grape seed proanthocyanidins exhibit significant activity in ABTS, FRAP, and
CUPRAC assays; however, they are often inadequately represented in DPPH assays, and their quantification is known to be
diminished in protein rich, highly pigmented matrices. Collectively, these findings suggest that the DPPH results highlight
assay and matrix specific constraints rather than a lack of additional antioxidant capacity, underscoring the necessity for
complementary, multi-method antioxidant characterisation and, preferably, post-digestion bioaccessibility assessments in
future research.

Color properties

Figure 1 displays the color values (L*, a*, and b*) of the GSP enriched noodles. Elevating the GSP level markedly
diminished lightness (L*), which decreased from 63.5 in the control to 44.2 at 10% GSP, and reduced yellowness (b*),
which declined from 18.3 to 10.1; conversely, redness (a*) increased from 1.6 to 5.2 (p < 0.05). The alterations denote the
dark, reddish brown hue of grape seeds due to their anthocyanin, tannin, and polyphenol composition which gradually
obscures the pale yellow tint of the wheat flour matrix. A similar trend of alteration (decreased L* and b*, increased a*) has
been documented for grape pomace enriched durum wheat pasta (Tolve et al., 2020) and for eriste augmented with grape
and pomegranate seed flours (Koca et al., 2018). A reduction in lightness, accompanied by alterations in a* and b*, is a
common characteristic of cereal goods fortified with polyphenol-rich plant by-products, such as apricot kernel enriched
noodles (Eyidemir & Hayta, 2009).

L* (lightness) a* (redness / greenness) b* (yellowness / blueness)
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Figure 1. Color values (L*, a*, and b*) of eriste samples containing 0—-10% grape seed powder. Data are mean = SD;
different letters within a panel indicate significant differences (p < 0.05)

The prevailing color patterns align well with the literature on byproduct enriched cereal foods; nevertheless, the overall
visual result is contingent upon the pigment chemistry and the processing step at which the color is assessed. The dried
noodles exhibit a darker hue, reduced yellow intensity, and increased redness as cooking progresses. In contrast, Oncel &
Eryilmaz (2025) indicated that cooking elevated L* values while diminishing a* and b* in leaf powder enriched gliiten free
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eriste, implying that hydration and starch gelatinisation during cooking may partially obscure the added pigments. The
darkening observed in the dried strands may be ascribed to nonenzymatic browning and polyphenol oxidation during the
drying process, rather than just to grape pigments. From an application perspective, a deeper hue may serve as a favourable
visual indicator of the product's antioxidant-rich nature; however, since appearance is a key factor in consumer acceptance,
the extent of the color change at elevated substitution levels must be validated through sensory evaluation prior to finalising
the formulation.

Texture profile analysis

Figure 2 illustrates the texture profile of the noodles. Hardness significantly and progressively escalated with the
concentration of GSP, from approximately 770 g in the control group to around 1380 g at 10% GSP (p < 0.05). The
gumminess and chewiness similarly escalated, increasing from around 540 to 720 g and from 500 to 595 g, respectively.
The dimensionless metrics diminished: cohesiveness declined from 0.93 to 0.83 and springiness from 0.70 to 0.52 with the
increase of GSP (p < 0.05). The enhancement in hardness can be attributed to the elevated dietary fibre content in grape
seeds, which disrupts the continuous gluten-starch matrix and competes for moisture, yielding a more rigid and stiffer cooked
strand. The simultaneous decline in cohesiveness and elasticity indicates a diminishment of the internal bonding and elastic
recovery of the matrix, along with fiber induced disruptions in the protein network. These findings align well with the
existing literature. Koca et al. (2018) documented an enhancement in the hardness of Turkish noodles fortified with grape
seed flour relative to the control group. Tolve et al. (2020) discovered that grape pomace enhanced the stiffness and
adhesiveness of durum wheat pasta due to the disruption of its continuous structure by fibres.

(A) a 1.04(B)
=0~ Hardness ? ab
1400 4 —O— Gumminess be d
—0O— Chewiness 0.9 4 € d
1200 A
C 0.8
: 3
‘w 1000 4 =)
ot {=}
] = 071
2 &
g 800 - a
= ab
0.6 4
b
600 4
[
0.5 4
=~ Springiness
400 4 =~ Cohesiveness d
Control 2.5% 5% 7.5% 10% Control 2.5% 5% 7.5% 10%
Grape seed powder (GSP) Grape seed powder (GSP)

Figure 2. Texture profile analysis parameters of eriste enriched with grape seed powder at 0 (Control), 2.5, 5, 7.5, and
10%. Values are mean + SD; for each parameter, means with different letters differ significantly (p < 0.05).

Textural changes are supported by numerous recent research on fiber-rich noodle and pasta systems, emphasising the
influence of byproduct type and particle size. Oncel & Eryilmaz (2025) discovered that the incorporation of fiber-rich
avocado leaf powder enhanced the hardness and chewiness of gluten-free eriste, due to the formation of a denser, fiber-
reinforced matrix. Gatkowska et al. (2022) also showed that 5-10% blackcurrant pomace enhanced the stiffness and hardness
of durum wheat pasta. The concurrent reduction in cohesion and elasticity shown here aligns with the physical disruption of
the continuous gluten matrix by grape seed fibre particles (Gerardi et al., 2023; Tolve et al., 2020). It is important to
acknowledge that the direction of textural alteration is not consistent, since many grape-pomace-enriched erigte formulations
exhibit softer structures with diminished chewiness. The equilibrium between matrix dilution and water-binding
enhancement is contingent upon the specific byproduct fraction, its dietary fibre composition, particle size, and substitution
level. This study utilises the finely milled seed fraction, which is particularly abundant in fibre and proanthocyanidins,
possibly contributing to the matrix-stiffening reaction and a notable dose dependent improvement in hardness.

Physicochemical and cooking properties

The physiochemical, functional, and cooking properties of the GSP-enriched noodles are summarised in Table 3. The
moisture content of the dried noodles decreased significantly with higher substitution levels, from 9.70% in the control to
7.28% at 10% GSP (p < 0.05), indicating enhanced storage stability. The ash content rose somewhat from 1.09% to 1.31%
with the increase in GSP, aligning with the mineral input of grape seeds; nevertheless, the variations were not statistically
significant (p > 0.05). When evaluated against the Turkish Food Codex Pasta Communiqué (Communiqué No: 2002/20),
the moisture content of all eriste samples remained within the regulatory limit of 13.00%. Regarding ash content, the
Communiqué stipulates a maximum permissible level of 1% (dry-weight basis) for plain pasta and 2% for whole wheat
pasta, whereas no specific limitation is imposed on enriched or fortified pasta products. All eriste samples in the present
study fell well below these thresholds, confirming their compliance with the national standard irrespective of enrichment
status (Turkish Food Codex Pasta Communiqué, 2002). The enrichment of GSP markedly enhanced water holding capacity,
rising from 105% in the control group to 165.5% at 10% GSP (p < 0.05), and resulted in a modest rise in the swelling volume

753



Caliskan Koc et al. Int. J. Agric. Environ. Food Sci. 2026; 10(3): 749-756

of cooked noodles from 245.3 to 250.8 (p < 0.05). Both results align with the elevated concentration of hydrophilic dietary
fibre in grape seeds, which binds and immobilises water. Oil retention decreased from 225% (control) to about 215% at 10%
GSP, with the minimum value recorded at 2.5% GSP (199%). The water absorption of the cooked noodles significantly
diminished with the incorporation of GSP, decreasing from 214.8% in the control group to roughly 135% in all enriched
samples (p < 0.05). The increased absorption of cooking water appears to be limited by the denser, fiber-reinforced matrix
and the partial substitution of easily hydrating starch with grape seed solids.

The ideal cooking time rose from 12 minutes in the control and 2.5% samples to 13 minutes at 5—10% GSP, with statistical
significance (p < 0.05). The cooking loss did not significantly vary across the formulas (=6.1-6.5%; p > 0.05) and remained
considerably below the acceptable threshold of 12%, typically regarded as the upper limit for high-quality pasta.
Consequently, an addition of up to 10% GSP may be incorporated without compromising the structural integrity of the
noodle during cooking under the specified conditions. The current outcome surpasses that of durum wheat pasta fortified
with grape pomace, which exhibited an increase in cooking loss and a considerable reduction in swelling index upon the
incorporation of the byproduct (Tolve et al., 2020). The preservation of cooking stability in this study may be ascribed to
the incorporation of the seed fraction with whole egg, which fortifies the dough matrix (Demir et al., 2010).

Maintaining the level of an acceptable, statistically consistent cooking loss (about 6%) across all substitution levels is very
advantageous, especially when compared to the broader research, which indicates that fibre addition produces varying
impacts on cooking stability. Grape pomace has been shown to elevate cooking loss in durum wheat pasta due to the
disrupted gluten network, which facilitates increased leaching of gelatinised starch (Tolve et al., 2020). In contrast, certain
methods enhanced with byproducts either retain or reduce cooking loss: Gatkowska et al. (2022) proved that blackcurrant
pomace did not significantly influence cooking loss, yet it satisfied the quality standards of the pasta business. Conversely,
Oncel & Eryilmaz (2025) indicated that the cooking loss of leaf-powder supplemented eriste decreased from around 10.5%
to 6.5% with an increase in fibre content, attributed to enhanced water binding that reduced the release of free starch. The
significant water retention capacity of grape seed fibre recorded here (up to 165.5%) corroborates the aforementioned
mechanism. By immobilising free water within the strand, the fibre appears to mitigate the weakening of the gluten network
and to limit solid losses, so preserving cooking stability despite the harder, more disturbed matrix. The simultaneous increase
in optimal cooking time aligns with a denser construction that obstructs water penetration to the center. Besides cooking
performance, grape seed enrichment likely offers nutritional advantages that were not assessed in this study but are
recognised in analogous contexts. Grape byproducts alter the starch composition of pasta from rapidly digested to slowly
digestible forms, hence decreasing its in vitro predicted glycaemic index; analogous decreases in glycaemic index have been
documented for fibre enriched eriste (Oncel & Eryilmaz, 2025; Arer et al., 2025). The substantial dietary fibre and
proanthocyanidins present in GSP suggest that a comparable decrease in glucose response would be a practical and beneficial
attribute of GSP enriched eriste. The proportion of phenolics retained post-cooking and remaining bioaccessible after
digestion, rather than the overall content in the dry noodle, is the more nutritionally significant measure, as grape seed
polymeric phenolics exhibit strong interactions with the food matrix. Phenolics from grape pomace are rapidly absorbable
in the gastrointestinal tract (Gerardi et al., 2023), but matrix binding can significantly diminish their bioavailability post-
digestion (Milin¢i¢ et al., 2022). Consequently, assessing the in vitro glycaemic index and the post-digestion phenolic
bioaccessibility of GSP-enriched eriste is a clear and valuable avenue for future investigation.

Nutritional relevance and technological implications

The partial substitution of wheat flour by grape seed powder has a broader nutritional relevance for a staple product such as
eriste, in addition to the phenolic, flavonoid, and textural responses quantified above. Grape seeds are a concentrated source
of dietary fibre (about 40%), predominantly insoluble, and include B-type proanthocyanidins, which are only partially
absorbed in the upper gastrointestinal tract, allowing a significant portion to reach the colon intact (ITuga & Mironeasa, 2020).
Incorporating such material into a commonly consumed cereal matrix is an effective method to enhance regular consumption
of polyphenols and fibre without presenting an unfamiliar product to the consumer. The significant dose-dependent increase
in total phenolics (up to 2.55-fold) and flavonoids (approximately 4-fold) indicates that a modest substitution (<10%) can
provide a substantial bioactive contribution, achieved without detriment to culinary performance, which is crucial for
consumer acceptance, as demonstrated by the maintained cooking loss (~6%).

The functional usefulness of GSP enriched eriste is expected to extend to its glycaemic properties. Numerous studies have
demonstrated that by-products abundant in fibre and polyphenols can transform the starch component of pasta and noodles
from rapidly to slowly digestible forms, thereby lowering the in vitro predicted glycaemic index through the physical
entrapment of starch granules within a denser matrix and the inhibition of digestive enzymes by proanthocyanidins (Gerardi
etal., 2023; Arer et al., 2025). The significant enhancement in water-holding capacity (up to 165.5%) and the denser, firmer
cooked strand are linked to the matrix rearrangement that underlies these phenomena. While the glycaemic index was not
assessed in this study, such a reduction is a conceivable supplementary advantage and a critical goal for future research,
particularly in light of the increasing demand for staple meals with less glycaemic effects.
The findings indicate that grape seed powder is a viable option for the valorisation of a significant by-product from
winemaking, from both technological and sustainability standpoints. The vinification process produces substantial quantities
of grape pomace, with the seed component frequently being underutilised or wasted, resulting in economic loss and disposal
challenges (luga & Mironeasa, 2020). The conventional processes of mixing, sheeting, cutting, and low-temperature drying
employed here can convert the seed fraction into a stable, finely milled powder that can be integrated into an existing eriste
line without necessitating specialised equipment, thereby aligning with circular economy principles. The capacity to permit
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up to 10% substitution while maintaining cooking loss below the acceptable quality level (<12%) is crucial in industrial
contexts, since cooking loss significantly influences perceived product quality and process yield. The little increase in
optimal cooking time and significant color shift indicate that the substitution level must be adjusted in relation to sensory
appeal and economic viability prior to commercial implementation.

Table 3. Physicochemical, functional, and cooking properties of eriste enriched with 0—10% grape seed powder . Values are

mean + standard deviation. Within each row, means with different superscript letters differ significantly (p < 0.05)

Parameter 0% (Control) 2.5% GSP 5% GSP 7.5% GSP 10% GSP
Moisture Content (%) 9.70 = 1.64* 8.75+£0.522 8.26+0.18° 7.25+1.23b 7.28 £1.14b
Ash Content (%) 1.09 +0.022 1.24£0.112 1.28 £0.08? 1.28£0.272 1.31 £0.042
Water-Holding Capacity (%) 105.00 + 1.414 114.00 = 0.70¢ 161.00 + 1.41° 164.50 = 0.70* 165.50 +£2.12?
Oil-Holding Capacity (%) 225.00 +2.822 199.00 = 1.414 207.00 + 1.41¢ 212.00=0.07° 215.00 £2.12°
Swelling Volume 245.29 + 0.09¢ 248.16 £ 0.07° 248.41 £0.15° 250.77 +0.322 250.81 +0.542
Cooking Loss (%) 6.41 +£0.042 6.25 +0.36% 6.11 +£0.352 6.34 +0.02? 6.47 £ 0.622
Water Absorption (%) 214.75 + 1.20° 135.10 = 0.80° 135.45+0.15° 136.20 £ 1.01° 135.85+0.21°
Optimum Cooking Time (min) 12.00 = 0.00° 12.00 = 0.00° 13.00 £+ 0.00? 13.00 £+ 0.00? 13.00 £+ 0.00?

CONCLUSION

This research demonstrates that grape seed powder, a by-product of winemaking rich in polyphenols and fibre, can be utilised
to enhance eriste, a classic Turkish noodle, at substitution levels of up to 10% (w/w of flour). The elevation in GSP level led
to a substantial and dose-dependent augmentation in total phenolic content (up to 2.55-fold) and total flavonoid content
(about 4-fold), exhibiting a strong fit for second-order polynomial and linear models, respectively (R? = 0.92-0.96).
Nonetheless, the DPPH radical scavenging activity remained unchanged, indicating that in this matrix, the antioxidant
capacity assessed by a singular radical assay is a less sensitive measure of enrichment compared to phenolic and flavonoid
contents, and that supplementary antioxidant assays would be beneficial in future research. The enrichment of GSP resulted
in a darkening and reddening of the noodles, a reduction in yellow colouration, an increase in hardness, gumminess, and
chewiness, and a loss in cohesion and springiness. The product demonstrated enhanced water retention and swelling, reduced
moisture and water absorption, and crucially, maintained an acceptable cooking loss (~6%) across all levels, signifying that
the cooking stability of the noodle was preserved. In conclusion, the findings suggest that GSP is a viable functional
component for the formulation of antioxidant- and flavonoid rich eriste and for the valorisation of grape processing
byproducts. Additional research on sensory acceptability, bioaccessibility of the included phenolics, and the implementation
of supplementary antioxidant assays is advised to enhance the formulation for commercial usage.
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