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ABSTRACT

In this study, a novel functional couscous with reduced glycemic potential was developed by enrichment of traditional cous-
cous with -glucan and protein through the addition of hull-less barley (cv. Chifaa) and lentil flours. Couscous samples were
produced using 50:50 blends of durum wheat semolina (Svevo) with Chifaa, lentil, or malted lentil flours. The cooking and
textural properties, color attributes, and chemical and nutritional composition (protein, 3-glucan, resistant starch, in vitro
glycemic index (GI)) were evaluated in both flour blends and couscous products. The incorporation of Chifaa flour signifi-
cantly improved the technological and nutritional quality of couscous, as well as its phenolic content and antioxidant capac-
ity. Couscous containing Chifaa flour exhibited the highest water absorption, hardness, and chewiness compared to control
samples. In particular, the couscous produced from the Chifaa/Lentil blend showed the highest water absorption (279.4%),
total phenolic content (448.6 mg GAE/100g), and total antioxidant capacity (416.6-470.2mg TE/100g), as well as the highest
B-glucan and protein contents (3.57% and 22.56%, respectively). Additionally, this sample exhibited the lowest in vitro GI
(50.1), meeting the criterion for classification as a low-GI food (GI < 55) and complying with FDA health claim requirements.
These findings demonstrate the potential of barley-legume-based formulations to develop nutritionally enhanced couscous
with improved functional and glycemic properties.

1 | Introduction

Couscous is an ancient food product with origins dating back
to around 2000years (Abecassis et al. 2012). The term “cous-
cous” may have been derived from the Arabic word “kaskasa”
(to pound small) or from the Berber word “seksu” (well-rolled or
well-formed) (Chemache et al. 2018). Couscous is a steamed and
agglomerated product originating from North Africa, typically
made by hand using durum wheat semolina. It has gained global

recognition due to its ease of production, versatility, and conve-
nience, as well as the increasing trend toward healthier eating
and the rising popularity of the Mediterranean diet. In the 17th
century, Arabs brought couscous from the Mediterranean basin
to Europe, and it eventually made its way to the Americas via
Portuguese trade routes from Morocco (Boudouira et al. 2023;
Cankurtaran and Bilgicli 2021; Hammami et al. 2022; Messia
et al. 2019). In 2020, UNESCO recognized the knowledge, an-
cestral expertise, and traditions surrounding the production
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and consumption of couscous by inscribing them on its list of
Intangible Cultural Heritage (UNESCO 2020).

Couscous is traditionally made from durum wheat semolina, but
it can also be prepared using semolina blended with various al-
ternative flours as raw materials (Chemache et al. 2021). Several
studies have investigated the enrichment of couscous with chick-
pea flour (Demir et al. 2010; Demir and Demir 2016), fermented
acorns, sorghum, and wheat (Belmouloud et al. 2025), bulgur
flour (Yuksel et al. 2017), lentil semolina (Benayad et al. 2021;
Ibtissame et al. 2022), lentil flour and lentil protein concentrate
(Allan et al. 2025), and with other legume-based flours, including
soybean, buckwheat, common bean, and lupine flours (Demir
and Demir 2016; Yuksel et al. 2018), to enhance its nutritional
composition and functional properties.

Sprouting (or malting) is one of the traditional methods used to
improve the nutritional quality in cereals and pulses by reducing
antinutritional compounds (Benincasa et al. 2019). Sprouting
affects various compositional and nutritional traits of cere-
als, including the increase in mineral bioavailability, vitamins,
and antioxidant compounds (Lemmens et al. 2019). During
sprouting, endogenous enzymes such as proteases, amylases,
and lipases are activated (Gunathunga et al. 2024). These en-
zymes hydrolyze complex macromolecules, including proteins,
carbohydrates, and lipids, into simpler components, including
amino acids, basic sugars, and fatty acids. As a result, nutrient
digestibility is enhanced, and the functional properties of cereals
and seeds are modified (Benincasa et al. 2019; Marti et al. 2017).
Enrichment of couscous with sprouted buckwheat resulted in
a product with elevated phenolic compound levels, particularly
rutin and quercetin, while also improving textural properties
such as cohesiveness, gumminess, and resilience (Giovanelli
et al. 2023). Additionally, Moroccan Saharan communities have
developed various types of couscous, with one of the most re-
nowned being Couscous El-Khomassi, which has been prepared
for centuries by Saharan housewives from the Laayoun-Dakhla
region. This couscous is highly valued for its rich nutritional
profile and exceptional taste, made from a blend of five differ-
ent flours (bread wheat, barley, roasted barley, roasted corn, and
durum wheat) (Zaroual et al. 2019).

The growing demand for functional foods has driven the search
for alternative ingredients with superior nutritional properties.
Furthermore, food processing has garnered increasing public
and scientific interest, largely due to references from interna-
tional organizations such as the FAO and WHO highlighting
the strong association between chronic diseases, lifestyle hab-
its, and unhealthy dietary patterns (Galanakis 2021). Couscous,
characterized by a high carbohydrate content and glycemic
index, may pose challenges for individuals with diabetes due
to its potential impact on glycemic control (Kumar et al. 2022).
The glycemic load of couscous can be lowered by reducing por-
tion size, incorporating fiber-rich ingredients, and selecting
alternative garnishes (Kapoor et al. 2024). This study aims to
improve an innovative functional couscous made by a women's
cooperative from the Souss region in Morocco (Tata province)
enriched with different raw materials such as lentil and lentil
malt flours as a source of protein and barley flour as a source
of B-glucan, and to evaluate its nutritional, technological, and
cooking properties.

2 | Materials and Methods
2.1 | Materials

In this research, a durum wheat (cv. Svevo), a hull-less barley
variety with high f-glucan content (Chifaa), and a high-protein
lentil genotype were used as raw materials for the production of
couscous. The lentils were used in raw and malted forms.

2.2 | Preparation of Flour and Couscous Samples

Lentil malt was prepared through four steps. Firstly, lentils were
soaked in water at ambient temperature for 8h. After draining
the water, the lentils were left to sprout for 2days. The sprouted
lentils were then dried at 35°C for 48h to preserve their nutri-
tional properties. Once they dried, the lentil malt was mixed with
other grains (Svevo or Chifaa) before grinding to provide a uni-
form flour for couscous production. Raw (unmalted) lentils were
also mixed with other grains before grinding, without any prior
soaking or drying.

The limitation of this study is that each formulation was produced
in a single batch, and three subsamples were randomly taken
from each couscous sample for laboratory analyses. Therefore,
inter-batch variability among couscous samples was not as-
sessed. Analytical determinations were performed on triplicate
subsamples to ensure measurement precision. Accordingly, the
statistical analysis reflects analytical variability rather than inter-
batch production variability.

All wheat and barley grains were carefully cleaned. The following
innovative formulations were developed to diversify the range and
enhance the nutritional quality of samples: couscous with 50% len-
til-50% Chifaa mixture flour, couscous with 50% lentil-50% Svevo
mixture flour, couscous with 50% lentil malt-50% Chifaa mixture
flour, and couscous with 50% lentil malt-50% Svevo mixture flour
(Figure 1). Additionally, couscous produced from 100% Svevo
durum wheat semolina was used as the control sample. The 50/50
blends were prepared and ground in a Brabender (Quadrumat
Junior, Duisburg, Germany) laboratory mill. It was possible to
develop samples enriched in both -glucan and protein by using
the 50:50 substitution as reported by Arer et al. (2025). The cous-
cous was traditionally handmade by experienced women from a
women's cooperative located in the southwest of Morocco. The
production of couscous followed the traditional manufacturing
process, which was a meticulous artisanal method: Firstly, the
flour was moistened with water and manually rolled to form cous-
cous granules. The freshly prepared couscous was then steamed
for 2h to ensure good preservation and reduce preparation time
for households. After steaming, the couscous was spread out and
air-dried for 3days. Then the dry couscous was packaged to ensure
the conservation and distribution of the final product (Abecassis
et al. 2012; Benayad et al. 2021).

2.3 | Analysis of Cooking Properties of Couscous
Samples

The optimum cooking time for couscous samples was determined
by the method explained by Tekin-Cakmak et al. (2024). Cooking
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properties such as water absorption (%), volume increase (%),
cooking loss (%), and total organic matter (g/100g) of couscous
samples, which are presented in Table 1, were determined as de-
scribed by Arer et al. (2025). Briefly, 10g of the couscous sample
was weighed (W1) and placed into a measuring cylinder contain-
ing 100mL of distilled water. After the increase in water volume
was noted (V1), the samples were cooked with 100 mL of boiling

water. The cooked couscous samples were drained using wire
mesh strainer, and the cooking water was placed into a beaker,
which was tared before, and dried in an oven at 100°C overnight
(Khouryieh et al. 2006). The residue after drying was weighed,
and the cooking loss was calculated as the percentage of the
weight of the starting sample. After the cooked couscous sam-
ples were weighed (W2) and placed into 100 mL of distilled water

Svevo (control)

Svevo/Lentil

Chifaa/Lentil

Svevo/Lentil Malt

Chifaa/Lentil Malt

FIGURE1 | Couscoussamples produced with 100% Svevo (control), Svevo/Lentil, Svevo/Lentil Malt, Chifaa/Lentil, and Chifaa/Lentil Malt flour

blends.

TABLE1 | Cooking properties of couscous samples.

Water absorption (%)

Volume increase (%)

Total organic

Cooking loss (%) matter (g/100g)

Couscous*
Svevo/Lentil 252.0+9.90% 426.9 +16.322 9.61 +0.49° 2.3340.05°
Svevo/Lentil Malt 216.0 +8.49° 364.0+33.942b 9.30+0.91° 2.79+0.242b
Chifaa/Lentil 279.4+6.742 323.3+23.57Y 9.70+0.97° 2.62+0.14%
Chifaa/Lentil Malt 220.5+2.64% 385.0+21.21%° 15.00 +0.742 3.73+0.29%

Note: Data are expressed as mean + standard deviation; mean values in each column with different letters (a-d) are significantly different (p < 0.05).
*The cooking properties of the 100% Svevo control couscous were not determined. Svevo or Chifaa was mixed with Lentil or Lentil Malt in equal proportions before

grinding.
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to measure the increase in water level (V2), the cooked samples
were used for analysis of total organic matter (TOM), which is
the surface material released from cooked product during rins-
ing (Basman and Yalcin 2011), as described by Tekin-Cakmak
et al. (2024) and D'Egidio et al. (1982). The results were expressed
as the gram amount of starch transferred from the 100g sample
to the washing water of the cooked couscous sample (Tekin-
Cakmak et al. 2024). The water absorption (%) and volume
increase (%) values of couscous samples were determined by cal-
culating the differences between W2 and W1; V2 and V1 as the
percentages of W1 and V1, respectively.

2.4 | Characterization of Flour and Couscous
Samples

The moisture contents of flour and couscous samples were an-
alyzed according to AACC Method No 44-15A, and total nitro-
gen contents of samples were determined according to AACC
Methods No 46-10.0 (protein =6.25X N) (AACC 2010).

The B-glucan contents of flour and couscous samples were de-
termined by an enzymatic method using the (-glucan Assay
Kit, and the amounts of enzyme-resistant starch in samples
were measured using the Resistant Starch Assay Kit (Megazyme
International Ireland Ltd., Ireland).

Color measurements of flour and couscous samples were carried
out using a colorimeter (CR-400, Konica Minolta, Tokyo, Japan).
The colorimeter was calibrated to a white calibration plate before
use. The color values were determined according to the CIELAB
color space system. Color was expressed as L* (lightness/dark-
ness; 100, white; 0, black), a* (redness/greenness; +, red; —,
green), and b* (yellowness/blueness; +, yellow; —, blue).

2.5 | Determination of Total, Insoluble,
and Soluble Dietary Fiber Contents

The total dietary fiber (TDF), insoluble dietary fiber (IDF), and
soluble dietary fiber (SDF) contents of the couscous samples
were determined by the enzymatic-gravimetric method using a
Megazyme assay kit (AACC Method No. 32-07.01, AACC 2010).

2.6 | Determination of in Vitro Glycemic
Index Value

In vitro glycemic index (GI) values of cooked couscous sam-
ples were determined using the D-Glucose Assay Kit (GOPOD
Format) (Megazyme International Ireland Ltd., Ireland) follow-
ing the protocols described by Goni and Saura-Calixto (1997) and
Tekin-Cakmak et al. (2024).

2.7 | Texture Profile Analysis of Couscous Samples

Texture properties of cooked couscous samples were measured
using a Texture Analyzer (TA.XT2 Plus, Stable Micro System
Ltd., Surrey, UK) according to the method by Tekin-Cakmak
et al. (2024). Fifteen grams of cooked couscous samples were
placed in a metal ring (60 mm in diameter and 30 mm in height)

positioned at the center of the testing platform to ensure unifor-
mity in shape across all samples. The texture profile attributes
assessed included hardness, adhesiveness, springiness, cohesive-
ness, chewiness, and resilience.

2.8 | Determination of Phenolic Contents
and Antioxidant Capacities of Flour and Couscous
Samples

The free and bound phenolic compounds of the flour and cous-
cous samples were extracted according to Shamanin et al. (2022).
The extracts were stored at —18°C until analysis. The concen-
trations of free and bound phenolics were measured using the
Folin-Ciocalteu method (Singleton and Rossi 1965), and the
results were given as mg of gallic acid equivalent (GAE) per
100g of dry weight (dw). The total phenolic content concentra-
tion (TPC) was calculated as the sum of the concentrations of
free and bound phenolics. ABTS, DPPH, and FRAP antioxidant
capacities of samples were determined by a spectrophotometer
(Shimadzu 150 UV-1800, Kyoto, Japan) according to the meth-
ods described in Re et al. (1999), Singh et al. (2002), and Benzie
and Strain (1996), respectively. The results were reported as mg
Trolox equivalent (TE) per 100g dw.

2.9 | Statistical Analysis

All experiments were implemented in triplicate, and the results
were presented as the meanz+standard deviation. Statistical
analysis was conducted using SPSS Statistics Software (IBM ver-
sion 21, USA). One-way ANOVA followed by Tukey's post hoc
test was applied to evaluate the statistical differences among the
couscous samples (o« =0.05).

3 | Results and Discussion
3.1 | Cooking Properties of Couscous Samples

Cooking properties are among the most important couscous
quality attributes affecting consumer acceptance (Demir and
Demir 2016). Water absorption (WA), volume increase (VI),
cooking loss (CL), and total organic matter (TOM) values of the
samples are presented in Table 1. Chifaa/Lentil and Svevo/Lentil
couscous samples exhibited the highest WA values (279.4% and
252.0%, respectively), compared with the couscous samples con-
taining lentil malt (216.0% and 220.5%). Notably, replacing non-
malted lentil with malted lentil in the Chifaa-based formulation
caused a significant decrease in WA, from 279.4% to 220.5%.

In contrast to WA, VI followed a different trend. The highest VI
value was observed in the Svevo/Lentil sample (427%), which was
significantly higher than that of the Chifaa/Lentil sample (323%).
In addition, incorporation of lentil or lentil malt into Svevo- or
Chifaa-based blends did not result in significant differences in
VI values. These findings are consistent with the fact that swell-
ing behavior in couscous is strongly influenced by the raw ma-
terials used during production (Messia et al. 2019), and higher
swelling values are generally associated with superior product
quality (Boudouira et al. 2023). From a practical perspective,
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good-quality couscous should rapidly absorb sauce while main-
taining structural firmness (Boudouira et al. 2023).

Unlike other pasta products, couscous does not undergo knead-
ing or extrusion; instead, hydration followed by steaming is
applied prior to drying. This processing sequence promotes ex-
tensive starch gelatinization, which contributes to higher WA
upon rehydration during cooking (Messia et al. 2019). Therefore,
WA is considered a critical quality parameter for couscous (Allan
et al. 2025) and plays a major role in determining the texture of
cooked pasta products (Demir and Demir 2016).

Several factors, including starch and fiber contents, the strength
of the protein network, and optimum cooking time, can influ-
ence water uptake in pasta (Boudouira et al. 2023). Benayad
et al. (2021) reported that wheat couscous enriched with lentil
semolina exhibited higher WA than wheat semolina couscous,
which was attributed to the higher fiber and protein contents of
lentils. Similarly, Demir and Demir (2016) produced couscous
using different ratios of legume flours and observed that WA
significantly increased from 149% to 218% (p <0.05), while VI
remained unchanged (144-145%). However, Allan et al. (2025)
reported a negative correlation between protein concentration
and WA, suggesting that increasing lentil protein concentra-
tion reduced starch content and thus decreased the number of
available hydroxyl groups for moisture absorption. In line with
this explanation, Demir et al. (2010) showed that substituting
wheat flour with chickpea flour significantly decreased WA and
VI; compared with the control, WA and VI decreased by 13%
and 23%, respectively, in couscous containing 50-100% chickpea
flour. Moreover, as the level of chickpea increased, VI decreased
significantly (from 160 to 106), likely due to reduced starch con-
tent and consequently lower swelling capacity.

Overall, WA and VI values of couscous samples containing len-
til or lentil malt in this study were higher than those reported
for traditional couscous (WA: 140-194%; VI: 158-175%) in pre-
vious studies (Cankurtaran Komiircii 2025; Cankurtaran and
Bilgicli 2021). Likewise, Cankurtaran Komdiircii (2025) reported
WA values of 151-188% and VI values of 227-241% in couscous
enriched with 20% pea or mung bean flour (protein contents 16%
and 15%, respectively).

During cooking, soluble components such as proteins, amylose,
and non-starch polysaccharides may leach into the cooking
water (Moayedi et al. 2021). Cooking loss (CL) is therefore re-
garded as an important quality parameter for pasta and related
products and a reliable indicator of cooking performance (Demir
and Demir 2016). Higher CL is generally associated with lower
product quality and greater stickiness (Majzoobi et al. 2011).
In the present study, CL values ranged from 9.30% to 9.70% for
most samples; however, the Chifaa/Lentil Malt blend showed
a markedly higher CL value (15%). These CL values were
higher than those reported for traditional couscous (3.5%-6.0%)
(Cankurtaran Komiircii 2025; Cankurtaran and Bilgi¢li 2021).
Consistent with this, previous studies have shown that the in-
corporation of legumes (pea, lentil, chickpea) increases CL as
legume addition disrupts the structure of the matrix and facil-
itates solute leaching (Krishnan and Prabhasankar 2012). For
example, Cankurtaran Komiircii (2025) reported CL values of
5.7% and 6.3% in couscous, including 20% pea and mung bean

flour, respectively, while Demir and Demir (2016) reported CL
of 6.6% for lentil couscous compared with 4.2% for the control
used in their study (100% wheat flour). Demir et al. (2010) also
observed a significant increase in CL (5.90-8.15) in chickpea-
enriched couscous compared with the control (5.50), which
they attributed to reduced gelatinizable starch. Similarly, Messia
et al. (2019) reported higher CL (17%) in barley-enriched cous-
cous (mixtures of 70% semolina and 30% barley coarse fraction)
compared with control semolina couscous (11.5%). Overall, addi-
tion of legumes might have a weakening effect on the cohesion of
particles forming couscous agglomerates, increase disintegration
and consequently intensify CL (Boudouira et al. 2023).

Similar to CL, TOM theoretically reflects the amount of starch
and other biochemical components released from the pasta-
protein matrix and lost to the cooking medium (Krishnan and
Prabhasankar 2012). In this study, the highest TOM value was
observed in Chifaa/Lentil Malt (3.73%), consistent with its high
CL. However, this value differed significantly only from that of
the Svevo/Lentil sample (2.33%). Malting did not significantly af-
fect TOM values. D'Egidio et al. (1982) proposed TOM thresholds
to classify spaghetti quality (very high quality: <1.4g/100g; good
quality: 1.4-2.1g/100g; poor quality: >2.1g/100g). Although all
TOM values in the present study exceeded 2.1g/100g and would
therefore fall within the “poor quality” category under these
criteria, it should be emphasized that these thresholds were de-
veloped for spaghetti-type pasta. Because couscous processing
includes a steaming step that promotes extensive starch gelati-
nization, higher TOM values are expected; therefore, spaghetti-
based TOM thresholds should not be directly applied to couscous.
Nevertheless, TOM remains a useful comparative indicator for
evaluating differences among couscous formulations.

In line with this interpretation, Belleggia et al. (2016) reported
the highest TOM value (2.85%) in pasta enriched with 10% deb-
ranning fractions of common wheat, likely due to disruption of
the gluten network by bran inclusion. Nocente et al. (2019) sim-
ilarly reported that enriching pasta with barley spent grain (10-
20g/100g) increased TOM, which was associated with reduced
pasta quality. They attributed this effect to the high fiber content
of barley spent grain, which can disrupt the starch-gluten net-
work, promote swelling of starch granules, and increase starch
release during cooking.

3.2 | Color Properties of Couscous Samples

The color profile of couscous is a key quality attribute influ-
encing consumer acceptability and preferences (Belmouloud
et al. 2025). In particular, consumers generally prefer couscous
with a bright yellow appearance (Demir et al. 2010). Yellow col-
oration is mainly associated with pigment content and enzymatic
activity (lipoxygenase), whereas redness is typically related to the
formation of Maillard reaction products during thermal process-
ing (Oliver et al. 1993). Because the couscous preparation process
used in this study did not involve high-temperature treatments,
the samples were expected to exhibit relatively lower a* values
and higher L* values. Moreover, L* values above 60 have been
reported as desirable for couscous (Charles et al. 2007). Overall,
the color results obtained in this study were consistent with these
expectations. Among the flour samples (Table 2), Chifaa flour

Food Science & Nutrition, 2026

50f 13

- 111595 00s30UeIS AQ TOZZL'EUSHZ00T OT/I0p/LLI0Y" A 1M Aeid1jpu|uoy/:sdny woly popeoiumoq ‘8 ‘920g ‘LLT.8V0C

85UBD1 7 SUOLUILLIOD dAIEID 3(gedt|dde auyy Ag pausenob e sapiiie YO ‘8sn JO Sa|ni 10) AreiqiauljuQ A3|IAA UO (SUO I IPLOI-pUR-SWLLBY WO AB| 1M AReaq U 1|Uo//:SdNy) SUOIIPUOD pue s | 8Y1 39S *[9202/80/G2] Uo Ariqiauliuo AB|IM ewsn A 1pnis 1iBeg Alun



TABLE 2 | Color values of couscous samples.

L* a* b*

Flour

Svevo 79.74+0.60° 1.87+0.24* 25.30%0.52°

Chifaa 88.28+0.28% 0.97+0.08" 13.27+0.71°

Lentil 80.33+0.49® —1.37+0.03¢ 30.10+0.692

Lentil Malt 76.53+0.34°  0.49+0.06° 26.89+0.76"
Couscous*

Svevo (control) 75.60+0.014 2.60+0.02¢ 24.04+0.134

Svevo/Lentil ~ 74.00%£0.30®  1.36%+0.03° 21.16+0.16

Svevo/Lentil ~ 70.58+0.45° 2.70+0.10° 23.32+0.33"

Malt

Chifaa/Lentil ~ 72.19+0.05¢ 2.83+0.03® 18.65+0.32F

Chifaa/Lentil  68.25+0.38% 3.38+0.04* 19.42+0.08"

Malt

Note: Data are expressed as mean + standard deviation; mean values in each
column with different letters (a—-d, A-D) are significantly different (p < 0.05).
Grain samples (wheat, lentil, and barley, a-d) and couscous samples (A-D) were
evaluated separately.

*Svevo or Chifaa was mixed with Lentil or Lentil Malt in equal proportions
before grinding.

showed the highest lightness (L* = 88), whereas Lentil Malt flour
exhibited the lowest (L*=76). The L* values of Svevo and Lentil
flours were not significantly different from each other; however,
Lentil Malt flour was clearly darker than the raw Lentil flour. In
contrast to the trends observed for L* and b*, malting increased
the a* value of lentil flour, indicating increased redness, while
significantly decreasing brightness and yellowness. In addition,
a* values differed significantly among flours (p <0.05): the high-
est a* value was found in Svevo flour (1.87), whereas the lowest
was observed in Lentil flour (—1.37). The highest b* value was
recorded for Lentil flour (30.10), while Chifaa flour showed the
lowest b* value (13.27), which was substantially lower than those
of the other flours. The b* value of Lentil Malt flour was not sig-
nificantly different from that of Svevo (Table 2). Compared with
the Chifaa flour previously used for bulgur production, Chifaa
flour used in this study presented slightly lower L* and higher a*
and b* values (Tekin-Cakmak et al. 2024).

For couscous samples, substituting lentil malt for lentil in the
blends caused significant increases in a* and b* values and a sig-
nificant decrease in L* values for both the Svevo- and Chifaa-based
formulations (p <0.05). Accordingly, the relationship observed be-
tween Lentil and Lentil Malt flours for L* and a* was also reflected
in the couscous samples produced from these blends. Interestingly,
although Lentil Malt flour had a lower b* value than Lentil flour,
couscous prepared from Svevo/Lentil Malt and Chifaa/Lentil Malt
exhibited higher b* values than the corresponding Svevo/Lentil
and Chifaa/Lentil samples, respectively. Overall, L* and b* values
differed among all couscous samples. The highest L* (75.60) and
b* (24.04) values were observed in 100% Svevo (control) couscous.
Regarding a*, Chifaa/Lentil Malt couscous exhibited the highest
value (3.4), whereas Svevo/Lentil had the lowest (1.4). The a* val-
ues of Svevo/Lentil Malt and Chifaa/Lentil couscous samples were
not significantly different (p > 0.05).

Messia et al. (2019) reported that incorporation of barley flour
into couscous formulation resulted in lower L* and b* values
but higher a* values compared with control couscous produced
from 100% semolina. Consistent with this trend, couscous sam-
ples containing Chifaa (as a -glucan source) exhibited lower L*
and b* values and higher a* values than Svevo-based couscous
samples. Furthermore, gluten-free couscous produced from len-
til-rice flour mixtures by Boudouira et al. (2023) showed lower
L* (59.93-66.61) and higher a* (4.57-4.70) and b* (26.17-27.88)
values compared with those observed in the present study. The
L* and b* values of all couscous samples in this study were also
consistent with those reported for semolina-based couscous
by Aboubacar and Hamaker (1999). Conversely, other studies
have reported higher L* (Celik et al. 2004; Demir et al. 2010)
and a* (Belmouloud et al. 2025; Celik et al. 2004), or lower
L* (Belmouloud et al. 2025; Cankurtaran Komiircii 2025), a*
(Cankurtaran Komiircii 2025; Demir et al. 2010), and b* values
(Belmouloud et al. 2025) in traditional couscous or couscous
produced from alternative raw materials such as chickpea or fer-
mented cereals compared with the values obtained in the pres-
ent study. These variations may arise from differences in flour
type and proportion, the phenolic profile of the raw materials,
and processing conditions, particularly drying, where lower dry-
ing temperatures can reduce carotenoid degradation and conse-
quently increase L* values (Abecassis et al. 2012; Aboubacar and
Hamaker 1999; Demir et al. 2010).

3.3 | Protein, §-Glucan, Resistant Starch,
Dietary Fiber Contents, and in Vitro GI of Flour
and Couscous Samples

The chemical composition (-glucan, resistant starch, dietary
fiber, and protein contents) and in vitro glycemic index (GI)
values of flour and couscous samples are presented in Table 3.
In the present study, the -glucan content, resistant starch, and
protein contents of the 100% Svevo (control) sample were found
to be 0.80%, 1.05%, and 12.71%, respectively. The results clearly
demonstrate that the type of raw material has a major impact on
the B-glucan, protein, and resistant starch contents of both the
flours and the couscous samples produced from them. Similarly,
Messia et al. (2019), who characterized commercial couscous
samples obtained from different raw materials such as durum
wheat, rice, and barley, reported protein contents ranging from
6.2% to 16.1% and (-glucan contents between 2.79% and 4.09%,
concluding that raw material selection plays a decisive role in
determining couscous composition.

Among the flours analyzed, Chifaa flour exhibited a mark-
edly higher -glucan content (7.26%) than Svevo, Lentil, and
Lentil Malt flours, whose f-glucan levels ranged from 0.03%
to 0.58%. The f-glucan content of Chifaa flour was consis-
tent with previously reported values (6.95%-7.05%) (Romano
et al. 2022; Tekin-Cakmak et al. 2024) and with that of mi-
cronized barley flour (7.9%) reported by Messia et al. (2019).
Romano et al. (2022) reported a slightly lower p-glucan con-
tent for Svevo flour (0.49%) compared to the value obtained in
the present study (0.58%). Moreover, malting did not result in
significant differences in -glucan or protein contents of lentil
flour (p>0.05). A similar trend was observed in couscous sam-
ples, where significantly higher §-glucan contents were found
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Glycemic index (GI)
67.47+0.154
60.14+0.50€
66.27+£0.368
50.12 4 0.098
53.77 +£0.09P

SDF (%)
3.40+£0.08¢
5.09+0.304
4.11£0.095¢
4.74+0.1548
4.63+0.3118

IDF (%)
16.06 +0.09€
20.21 +£0.474
20.77 +£0.434
18.30+0.158
19.66 4 0.54AB

TDF (%)
19.46+0.17°
25.29+0.18%

24.88+0.34A8
23.02+0.00¢
24.29+0.23AB

Resistant starch (%)
0.36+0.024
0.45+0.02¢
2.19+0.04°
2.30+0.022
1.05+0.06"

1.78 £0.024
1.82+£0.034
1.85+0.03~
1.88+0.024

Protein content
15.19+0.28¢
19.03+0.42°
26.41+0.402
26.75+0.20%
12.71+0.24€
20.60+0.128
20.93+0.148
22.50+£0.284
22.56+0.404

B-Glucan
(g/100g dw)
0.58+0.01°
7.26 £0.032
0.06 £0.00¢
0.03+0.00¢
0.80£0.01€
0.37+0.04P
0.36+0.01P
3.57+0.104
3.11+0.118

Samples

Svevo

Chifaa

Lentil

Lentil Malt
Svevo (control)
Svevo/Lentil
Svevo/Lentil Malt

Chifaa/Lentil

The chemical analysis of the flour and couscous samples.
Chifaa/Lentil Malt

Flour
Couscous *

Note: Data are expressed as mean + standard deviation, mean values in each column with different letters (a-d, A-D) are significantly different (p <0.05). Grain samples (wheat, lentil, and barley, a-d) and couscous samples (A-D)

were evaluated separately.
*Svevo or Chifaa was mixed with Lentil or Lentil Malt in equal proportions before grinding.

TABLE 3

in formulations prepared with hull-less barley Chifaa blends
(3.11% and 3.57%) compared with those prepared using Svevo
blends (0.36% and 0.37%) (p <0.05).

The Food and Drug Administration (FDA) has authorized a
health claim for whole-grain barley and certain dry-milled bar-
ley products as sources of -glucan soluble fiber (FDA 2005).
According to FDA guidelines, foods should provide at least
0.75g of B-glucan per serving, and a daily intake of at least 3 g
of B-glucan (assuming four eating occasions per day) is recom-
mended to effectively lower serum cholesterol and reduce the
risk of coronary heart disease (FDA 2005). Based on USDA
FoodData Central USDA (2019), one cup of cooked couscous
corresponds to 157g. Accordingly, couscous samples supple-
mented with 50% Chifaa barley flour in the present study could
provide approximately 3.1-3.6 g of f-glucan with a consumption
of 200g of cooked couscous (assuming a moisture content of
~50%), thereby meeting the daily §-glucan intake required for
the authorized health claim. Thus, incorporating barley into the
diet through couscous consumption may represent a practical
strategy to achieve recommended -glucan intake and associ-
ated health benefits.

Lentil and Lentil Malt flours exhibited significantly higher pro-
tein contents (>26%) than Svevo and Chifaa flours (approxi-
mately 15% and 19%, respectively) (p <0.05). The Chifaa/Lentil
and Chifaa/Lentil Malt formulations had a higher protein con-
tent than the corresponding Svevo/Lentil and Svevo/Lentil Malt
samples. The higher protein content observed in lentil-enriched
couscous is consistent with the high protein concentration of len-
til flour. In addition, lentil proteins are known to be rich in lysine,
which may complement the amino acid profile of durum wheat-
based products (Shevkani et al. 2024). Notably, the Chifaa/Lentil
couscous sample, characterized by higher -glucan and protein
contents, also exhibited the highest water absorption value, as
discussed in section 3.1. Consistent with this observation, Messia
et al. (2019) reported that functional couscous enriched with f3-
glucan-rich barley flour showed increased water absorption and
swelling due to the high water-holding capacity of f-glucans.

Overall, the protein contents of couscous samples in the present
study (20.60%-22.56%) were higher than those reported for tradi-
tional or commercial couscous (9.5%-13.95%) (Burbano-Agreda
et al. 2023; Cankurtaran Komiircii 2025; Carcea et al. 2017), as
well as for gluten-free couscous containing field bean, chickpea,
or lentil flours (10.39%-15.93%). Comparable protein values
were reported by Cankurtaran Komiircli (2025) for couscous
enriched with 20% pea or mung bean flour (16.12% and 14.99%,
respectively). In contrast, even higher protein contents have
been reported when larger proportions of legume flours were
used. For example, Benayad et al. (2021) reported protein con-
tents ranging from 19.97% to 23.67% in lentil-enriched couscous,
while Demir et al. (2010) achieved a protein content of 18.4%
using 100% chickpea flour.

The resistant starch contents of the flours differed significantly
from each other (p <0.05), whereas no significant differences were
detected among the couscous samples prepared from their blends
(Table 3). Lentil and Lentil Malt flours exhibited higher resistant
starch contents (2.19% and 2.30%, respectively) than Svevo and
Chifaa flours (0.36% and 0.45%). These findings are consistent
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with the resistant starch content reported for lentil flour (2.12%) by
Romano et al. (2022). Differences in resistant starch levels may be
attributed to the presence of protein-starch complexes and poly-
phenols, which can inhibit enzymatic starch digestion (Khemiri
et al. 2022). Dodi et al. (2023) reported lower resistant starch con-
tents in couscous (0.40%) and slightly higher values (0.50%-0.68%)
in other pasta products such as spaghetti. Conversely, Khemiri
etal. (2022) reported higher resistant starch contents (2.99%-3.49%)
in couscous enriched with algae, likely reflecting differences in
biochemical composition and formulation.

Total dietary fiber (TDF), insoluble dietary fiber (IDF), and sol-
uble dietary fiber (SDF) contents of control sample were 19.46%,
16.06%, and 3.40%, respectively. Incorporation of lentil flour and
lentil malt flour significantly (p <0.05) increased dietary fiber
contents of couscous samples compared with those of the con-
trol. The highest TDF (25.29%) and SDF (5.09%) contents were
observed in Svevo/Lentil sample, whereas the highest IDF con-
tent (20.77%) was observed in the Svevo/Lentil Malt sample. The
Chifaa/Lentil and Chifaa/Lentil Malt samples also exhibited
significantly higher dietary fiber contents than the control; how-
ever, their TDF and IDF values were slightly lower than those of
corresponding Svevo blends.

The optimum cooking time was determined as 3min for Chifaa/
Lentil, Chifaa/Lentil Malt, and Svevo/Lentil couscous samples,
and 2min for the Svevo/Lentil Malt sample. In vitro GI values
ranged from 50.12 to 66.27 (Table 3), with significant differences
among samples (p <0.05). According to ISO guidelines, foods are
classified as low GI (<55), medium GI (56-69), or high GI (>70)
(ISO 2010). The incorporation of Chifaa flour into Lentil and
Lentil Malt couscous resulted in GI values of 50.12 and 53.77,
respectively, which meet the ISO criterion for low-GI foods, sug-
gesting the potential for the development of functional couscous
with a lower GI; however, GI should also be validated in human
studies because the methodology applied in vitro studies has
limitations. In contrast, couscous samples prepared with 100%
Svevo (control), Svevo and Lentil or Lentil Malt blend exhibited
higher GI values (67.47, 60.14, and 66.27), corresponding to the
medium-GI category.

Notably, couscous samples containing Chifaa flour combined
lower GI values with higher f-glucan contents (3.1%-3.6%),

TABLE 4 | Textural properties of the cooked couscous samples.

suggesting that -glucan enrichment played a key role in reduc-
ing glycemic response. 3-Glucans derived from oats and barley
have been widely reported to attenuate postprandial glycemic re-
sponses when incorporated into foods (Aldughpassi et al. 2012).
Similarly, Chillo et al. (2011) demonstrated that the addition
of 10% barley concentrate to fresh pasta significantly increased
fiber content and reduced postprandial GI from 64 to 29. Turco
et al. (2019) reported very low GI values (20.07-23.39) for pasta
produced entirely from legume flours. Di Pede et al. (2021) fur-
ther confirmed that pasta is generally classified as a medium- to
low-GI food, although substantial variability exists depending
on formulation. In comparison, couscous has been reported
to exhibit slightly higher GI values (60-65) than pasta (50-55)
(Hammami et al. 2022).

Studies focusing specifically on the GI of couscous remain lim-
ited. The addition of algae was shown to significantly reduce the
estimated GI value of couscous from 61.50 to 54.75; this is consis-
tent with the GI values obtained for Chifaa-containing couscous
samples in the present study. These variations were attributed
to differences in biochemical composition. Given that high-GI
foods are associated with increased risk of chronic diseases such
as type 2 diabetes, cancer, and cardiovascular diseases, the de-
velopment of nutritionally enhanced, low-GI couscous products
represents an important target for the food industry, particularly
for specific consumer groups such as individuals with type 2 dia-
betes (Di Pede et al. 2021).

3.4 | Textural Properties of Cooked Couscous
Samples

Textural properties are among the most important factors influ-
encing the overall quality and consumer acceptance of pasta and
related products (Cankurtaran Komiircii 2025). High-quality
couscous is generally expected to exhibit a soft appearance
and be easy to chew after rehydration (Hammami et al. 2022).
Accordingly, the textural properties of couscous samples, includ-
ing hardness, adhesiveness, springiness, cohesiveness, chewi-
ness, and resilience, were evaluated in this study (Table 4).

Among the samples, the couscous produced from the Chifaa/
Lentil blend exhibited the highest hardness value (19.58N);

Hardness
Sample (N) Adhesiveness Springiness Cohesiveness Chewiness Resilience
Couscous* Svevo 11.72+1.15¢ —1.70+0.05° 0.85+0.01° 0.55+0.012 6.66+0.13°  0.43+0.012
(control)

Svevo/Lentil ~ 15.53+1.43P —2.54+0.42¢ 0.92+0.012 0.53+0.03% 6.81+0.54>  0.36+0.03°
Svevo/ 16.39 +£1.28P —2.15+0.09°¢ 0.93+0.03% 0.52+0.022 6.75+£0.04>  0.37+0.04

Lentil Malt
Chifaa/Lentil  19.58 +1.01% —0.73+0.122 0.92+0.022 0.58+0.012 8.78+0.18%  0.35+0.02°
Chifaa/ 16.74+0.932b —0.79+0.182 0.83+0.03> 0.53+0.022 7.04+0.43>  0.27+0.02¢

Lentil Malt

Note: Data are expressed as mean + standard deviation; mean values in each column with different letters (a-d) are significantly different (p <0.05).
*Svevo or Chifaa was mixed with Lentil or Lentil Malt in equal proportions before grinding.
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however, this value was not significantly different (p > 0.05) from
that of the Chifaa/Lentil Malt sample (16.74N). Incorporation
of Lentil Malt into either Chifaa or Svevo formulations did not
result in significant differences in hardness values (16.74 and
16.39N, respectively). In contrast, when Lentil flour was used,
blending with Chifaa resulted in a higher hardness value com-
pared to blending with Svevo (15.53N). The couscous produced
from the 100% Svevo (control) exhibited the lowest hardness
value (11.72N).

Adhesiveness, defined as the negative force required to detach
the compression probe from the sample surface, is generally
considered an undesirable attribute from a consumer perspec-
tive, as excessive adhesiveness negatively affects product qual-
ity. In the present study, couscous samples containing Chifaa
exhibited lower adhesiveness values (—0.73 and —0.79), whereas
higher adhesiveness values were observed in couscous samples
prepared with blends of Svevo (—2.15 and —2.54). The cous-
cous produced from the 100% Svevo (control) exhibited a lower
hardness value (—1.70) than its blends. When hardness and ad-
hesiveness are considered together, these results indicate that
blending with Chifaa yields couscous with improved textural
quality, characterized by higher firmness and lower stickiness.
Increased adhesiveness has previously been associated with
higher fiber content or greater solubility of product constituents
(Boudouira et al. 2023).

Different trends were observed for the remaining textural param-
eters. Springiness and chewiness were evaluated to assess elas-
ticity, defined as the ability of pasta to recover its original shape
after compression, and the chewing effort required, as both pa-
rameters are related to resistance during the second compression
cycle (Laleg et al. 2016; Texture Technologies Corp 2026). Except
for the Chifaa/Lentil Malt sample, couscous samples exhibited
comparable springiness values (0.92-0.93). The Chifaa/Lentil
Malt sample, however, showed a significantly lower springiness
value (0.83) than the other samples (p <0.05). Laleg et al. (2016)
similarly reported reduced springiness in legume-based pasta
products, which was attributed to the absence of strong disulfide
bonds as the proportion of legume flour increased.

Consistent with the hardness results, the Chifaa/Lentil cous-
cous sample exhibited the highest chewiness value (8.78), likely
due to its greater firmness (Boudouira et al. 2023). No signifi-
cant differences were observed among the remaining samples,
whose chewiness values ranged from 6.75 to 7.04 (p>0.05). The
couscous produced from the 100% Svevo (control) exhibited the
lowest chewiness value (6.66). Previous studies have shown that
increases in hardness and chewiness in pasta and couscous prod-
ucts are commonly associated with higher incorporation levels
of pulse flours, owing to their elevated protein content (Allan
et al. 2025). In the present study, the trend observed for protein
content was consistent with that observed for hardness values.

Cohesiveness describes the ability of pasta to stick to itself
and maintain structural integrity during compression (Laleg
et al. 2016; Tekin-Cakmak et al. 2024). The cohesiveness values
of the couscous samples ranged from 0.52 to 0.58, with no signifi-
cant differences detected among samples (p > 0.05), although the
Chifaa/Lentil sample showed a slightly higher value. Resilience,
defined as the ability of a product to recover its original height

after deformation (Texture Technologies Corp 2026), followed a
pattern similar to that observed for springiness. Except for the
Chifaa/Lentil Malt and 100% Svevo (control) samples, couscous
samples exhibited statistically comparable resilience values
(0.35-0.37) (p>0.05), while the lowest resilience was observed in
the Chifaa/Lentil Malt sample (0.27). Overall, substituting Lentil
Malt for Lentil flour did not markedly affect hardness, adhesive-
ness, or cohesiveness but resulted in reduced springiness, chewi-
ness, and resilience in the Chifaa/Lentil formulation.

There are no standardized instrumental criteria or reference
ranges that have been established for evaluating the textural
properties of couscous. This is largely due to the fact that tex-
ture profile measurements are strongly affected by factors such
as sample preparation, rehydration conditions, and instrumen-
tal parameters, which limit direct comparisons across studies.
Therefore, the quality of newly developed couscous products is
typically evaluated by comparing their textural characteristics
with those of semolina couscous and other couscous-like prod-
ucts reported in the literature. The textural properties obtained
in this study are in general agreement with the values reported
in the literature. Aboubacar and Hamaker (1999) reported lower
hardness (11.7-13.4N) and chewiness (4.1-4.5) values for com-
mercial and laboratory-scale durum wheat couscous compared
with those observed in the present study (15.53-19.58 N and
6.75-8.78, respectively). In contrast, Yuksel et al. (2017) reported
couscous-like products with substantially higher adhesiveness
(—14.10 to —172.16), lower springiness (0.28-0.53), lower cohe-
siveness (0.30-0.41), lower resilience (0.09-0.16), and markedly
higher chewiness values (20.58-91.73). Similarly, Boudouira
et al. (2023) evaluated couscous produced from 100% rice flour
and reported lower adhesiveness (—6.11), springiness (0.35),
cohesiveness (0.37), and resilience (0.17), but higher chewiness
(20.55), compared with the samples analyzed in the present study.
They also observed wider variability in textural parameters for
couscous formulations containing legume flours, showing trends
consistent with those observed for rice-based couscous.

3.5 | Phenolic Contents and Antioxidant
Capacities of Flour and Couscous Samples

Phenolic contents and antioxidant capacities (free, bound, and
total) of the flour and couscous samples are presented in Table 5.
No significant differences were observed in free, bound, or total
phenolic contents between Chifaa and Lentil flours (478.37 and
47491 mg GAE/100g, respectively) (p>0.05); however, both
flours exhibited significantly higher total phenolic contents than
Svevo and Lentil Malt flours (451.17 and 453.25mg GAE/100g,
respectively) (p < 0.05). Among all flour samples, Chifaa flour dis-
played the highest free (237.65 mg GAE/100 g), bound (240.72 mg
GAE/100g), and total phenolic contents.

Antioxidant capacity was measured using three assays. These
assays are based on different reaction mechanisms and exhibit
varying sensitivities toward different classes of antioxidant com-
pounds. DPPH and ABTS often exhibit stronger correlations be-
cause both evaluate radical scavenging activity, whereas FRAP
measures reducing power. The combined application of these
assays provides complementary information and allows a more
comprehensive assessment of the antioxidant potential of food

Food Science & Nutrition, 2026

90f13

- 111595 00s30UeIS AQ TOZZL'EUSHZ00T OT/I0p/LLI0Y" A 1M Aeid1jpu|uoy/:sdny woly popeoiumoq ‘8 ‘920g ‘LLT.8V0C

85UBD1 7 SUOLUILLIOD dAIEID 3(gedt|dde auyy Ag pausenob e sapiiie YO ‘8sn JO Sa|ni 10) AreiqiauljuQ A3|IAA UO (SUO I IPLOI-pUR-SWLLBY WO AB| 1M AReaq U 1|Uo//:SdNy) SUOIIPUOD pue s | 8Y1 39S *[9202/80/G2] Uo Ariqiauliuo AB|IM ewsn A 1pnis 1iBeg Alun



TABLE 5 | Phenolic content and antioxidant capacities (ABTS, FRAP, and DPPH) of the flour and couscous samples.

Samples Phenolic contents ABTS FRAP DPPH
Flour
Free Svevo 218.91+0.94° 99.47 +0.654 63.50+0.714 104.11+1.454
Chifaa 237.65+2.392 269.25+2.712 282.00+3.222 280.89+1.50%
Lentil 236.18 +£2.242 237.35+4.04° 220.42+0.94° 265.96 +1.53P
Lentil Malt 225.55+1.43P 172.10+0.33¢ 112.96 +0.55¢ 162.09 +1.14¢
Bound Svevo 232.26+2.228 164.96 +0.65P 192.50+1.89¢ 210.11 +3.84C
Chifaa 240.72+1.15% 275.48 +1.354 304.26+1.514 291.48 +2.30%
Lentil 238.73+2.254 270.32+2.658 239.00+0.98B 278.25+2.948
Lentil Malt 227.70+0.63C 208.14 +1.02€ 193.41 +0.96° 184.88 +1.14P
Total** Svevo 451.17 +£1.55Y 264.43+1.13" 256.00+1.24t 314.2242.52
Chifaa 478.37 +1.33% 544.73 +4.06F 586.26 + 2.09% 572.37 +2.30%
Lentil 474.91 +3.59% 507.67 +6.66Y 459.424+1.52Y 544.21+4.43Y
Lentil Malt 453.25+2.06Y 380.24 +1.277 306.38+0.55% 346.97 +1.97%
Couscous*
Free Svevo (control) 202.84+0.824 108.08+0.874 73.01£0.62 92.10£0.97¢
Svevo/Lentil 213.27+1.57° 167.90£2.36° 168.68 +1.11° 175.24 £2.06°
Svevo/Lentil Malt 207.53+0.54¢ 164.38 +0.80¢ 106.46 +1.15° 110.02 +2.49¢
Chifaa/Lentil 223.05+2.122 221.37 +2.16 234.27+1.352 199.48 +1.73%
Chifaa/Lentil Malt 215.64+1.06° 196.87 +3.34° 170.11 +2.01° 182.73 +2.08P
Bound Svevo (control) 210.45+2.40¢ 111.16 +0.30F 175.12+1.40P 152.75+0.48E
Svevo/Lentil 215.62+1.218 206.13+0.948 186.92+1.178 229.26+2.864
Svevo/Lentil Malt 208.92+1.81° 178.03 +1.61P 178.54 +2.06° 165.18 +2.84P
Chifaa/Lentil 225.51+1.47° 230.76 +1.424 235.89 +2.76A 217.09 +2.40P
Chifaa/Lentil Malt 218.41+0.598 198.35+1.43C 183.94+1.128 191.98 +3.71€
Total* Svevo (control) 413.29 +3.12 219.24+2.18" 248.13+1.827 244.86+1.45"
Svevo/Lentil 428.89+1.74Y 374.03+2.66 355.60 +2.26" 404.49 +1.05
Svevo/Lentil Malt 416.46 +2.13% 342.41 +0.84% 285.00+2.67Y 273.78 +£3.91%
Chifaa/Lentil 448.56+1.84% 452.12+3.27% 470.16 + 4.10% 416.57 +3.70%
Chifaa/Lentil Malt 434.04+1.65 395.22 4 3.44% 354.05+0.93* 37472 +3.619

Note: Data are expressed as mean + standard deviation. Different letters within the same column indicate significant differences for the same fraction (free; a-d,
bound; A-D, total; w-t) of different samples, according to Tukey's post hoc test (p <0.05). Grain samples (wheat, lentil, and barley) and couscous samples were

evaluated separately.

*Svevo or Chifaa was mixed with Lentil or Lentil Malt in equal proportions before grinding. Phenolic contents are expressed as mg GAE/100g dry weight (dw). ABTS:
2,2'-azino-bis (3-ethyl-benzothiazoline6-sulphonic acid); DPPH: 2,2-diphenyl-1-picrylhydrazyl radical scavenging activity; FRAP: Ferric reducing antioxidant power.

**The sum of free and bound antioxidant capacities expressed as mg TE/100g dw.

samples. Consistent with total phenolic content results, anti-
oxidant activity evaluated using three different assays revealed
that Chifaa flour exhibited the highest free, bound, and total
antioxidant capacities among the flour samples. In contrast,
malting significantly reduced the phenolic contents and antiox-
idant activities of lentil flour (p <0.05). This behavior was pre-
viously observed by Ikram et al. (2021), who reported a decline
in soluble TPC, including sprouted soybean and lentil, mung
bean, and black bean. The free, bound, and total phenolic con-
tents and ABTS values of Chifaa flour were comparable to those
previously reported for Chifaa flour used in bulgur production

(Tekin-Cakmak et al. 2024). However, Chifaa flour used for bul-
gur production showed higher antioxidant activity as determined
by DPPH (294.08, 399.6, and 693.7 mg TE/100g dw).

A similar trend was observed in couscous samples. Formulations
containing Chifaa generally exhibited higher phenolic contents
than those prepared with Svevo flour. The highest free, bound,
and total phenolic contents were recorded for the Chifaa/Lentil
couscous sample, with values of 223.05, 225.51, and 448.56 mg
GAE/100g dw, respectively. The lowest free, bound, and total
phenolic contents were found for the 100% Svevo (control)
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couscous sample. Accordingly, this sample also showed the
highest total antioxidant capacities across all assays, reaching
416.57mg TE/100g (DPPH), 470.16mg TE/100g (FRAP), and
452.12mg TE/100g (ABTS).

Incorporation of Chifaa barley into the couscous formulation,
therefore, markedly enhanced phenolic contents and antiox-
idant capacities compared to traditional couscous, while also
resulting in the lowest glycemic index and the highest 8-glucan
content, as discussed in the previous section. These findings
support the hypothesis that foods rich in phenolic compounds
and dietary fiber may reduce starch hydrolysis and attenuate
glycemic response. This effect is likely related to the ability of
phenolic compounds to inhibit digestive enzymes by interact-
ing with starch-degrading enzymes, thereby slowing starch hy-
drolysis (Khemiri et al. 2022).

In contrast, the Svevo/Lentil couscous sample exhibited free
and bound phenolic contents and antioxidant activities com-
parable to those of the Chifaa/Lentil Malt sample, and even
higher antioxidant activity when assessed by DPPH (p > 0.05).
Similarly, the 100% Svevo (control) sample exhibited the lowest
total antioxidant capacities, measured as 219.24mg TE/100g
(ABTS), 248.13mg TE/100g (FRAP), and 244.86mg TE/100g
(DPPH).

Overall, the phenolic contents and antioxidant activities of
couscous samples in the present study were substantially
higher than those reported for traditional couscous in sev-
eral previous studies (Cankurtaran Komdiircii 2025; Yuksel
et al. 2017). However, Cankurtaran and Bilgi¢li (2021) reported
an even higher total phenolic content (587.3mg GAE/100g)
for traditional couscous, exceeding the range observed in this
study (416.5-448.6 mg GAE/100 g dw). Legumes, which are nat-
urally rich in polyphenolic compounds, typically exhibit high
antioxidant activity and are therefore regarded as functional
foods. Consequently, legume flours have been widely proposed
as ingredients for the development of value-added cereal-based
products (Turco et al. 2019).

Several studies have demonstrated that enrichment of cous-
cous with barley or legume flours, as well as spices, can signifi-
cantly increase phenolic contents and antioxidant capacities.
For example, couscous enriched with pea or mung bean flour
combined with ginger or turmeric powders exhibited total phe-
nolic contents ranging from 382.2 to 609.7mg GAE/100g and
from 365.2 to 602.8mg GAE/100g, respectively (Cankurtaran
Komiircii 2025). Oriente et al. (2020) reported that incorpora-
tion of 20% and 30% barley coarse fraction into couscous for-
mulation increased total phenolic content by 11- and 15-fold,
respectively, compared to control couscous. Similarly, Turco
et al. (2019) reported total phenolic contents ranging from 87
to 176 mg GAE/100g in pasta produced entirely from legume
flours, which were higher than those of durum wheat semo-
lina pasta (63.8 + 7mg GAE/100g). Carcea et al. (2017) reported
total phenolic contents of 470.0 and 624.8 mg GAE/100g dw for
couscous produced from durum wheat semolina and barley, re-
spectively, values exceeding those observed in the present study.
These variations among studies may be attributed to differences
in raw material variety, formulation, and analytical methods
used for phenolic determination (Oriente et al. 2020).

4 | Conclusion

This study demonstrates that enriching traditional couscous
with hull-less barley (cv. Chifaa) and lentil-based ingredients
enhances its nutritional and functional quality while preserv-
ing its role as a staple food within the Mediterranean diet. The
incorporation of locally relevant raw materials, particularly §3-
glucan-rich barley and lentils, improved cooking performance
(water absorption and volume increase), textural properties
(hardness, adhesiveness, and chewiness), antioxidant capacity,
and glycemic response of couscous. Couscous formulations con-
taining Chifaa flour exhibited higher $-glucan, dietary fiber, and
protein contents and achieved low in vitro GI values, support-
ing dietary patterns that emphasize whole grains, legumes, and
low-GI foods, key components of the Mediterranean diet. The
increased phenolic content and antioxidant activity further con-
tribute to the health-promoting characteristics associated with
Mediterranean dietary traditions. Overall, the development of
couscous enriched with Chifaa barley and lentil-based ingredi-
ents offers a promising approach to improving the nutritional
profile of traditional cereal products commonly consumed in
Mediterranean food systems. In future studies, the potential
for developing a low-GI functional couscous should be verified
through in vivo tests, while the sensory quality and consumer
acceptance of couscous samples should also be investigated.
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