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ABSTRACT

ARTICLE INFORMATION 1)

Check for
updates

Background: Soft wheat (T7iticum aestivum L.) constitutes the third most cultivated cereal crop in
Algeria, following barley and durum wheat.

Aims: This study was conducted to perform a comparative evaluation of technological performance
between local common wheat varieties and newly developed experimental lines. The primary objective
was to assess the differences in their quality attributes and predict their potential suitability for a
broader range of flour-based industrial applications.

Methods: Nineteen Algerian wheat samples, comprising 13 local varieties and 6 test lines, were milled
and analyzed for their fundamental technological quality parameters. Flour characteristics, including
protein content, gluten content, Zeleny sedimentation values, and Alveograph parameters were
subjected to correlation analysis, multivariate statistics, and hierarchical clustering for comprehensive
evaluation.

Results: The flour extraction rates ranged from 60.9% to 77.3%, with no significant statistical
difference observed between the local varieties and test lines. Zeleny sedimentation values fluctuated
between 22.17 and 34.67 mL, allowing for a quality classification spanning from medium to very
good. The varieties exhibited a broad spectrum of technological quality, with dough strength values
(W) ranging from 103 to 277 x 107#]. On average, the experimental lines demonstrated significantly
higher W values, indicating superior dough strength compared to the local varieties. Based on the
Tenacity/Extensibility ratio, five varieties were considered suitable for the milling sector, while six were
identified as potentially ideal for bread-making. Furthermore, the test lines also exhibited higher
tenacity, reinforcing their potential for stronger dough formulations. While thirteen varieties exhibited
high protein content, and test lines displayed superior gluten quality, ten varieties did not meet the
acceptable minimum standards for wet gluten, six failed for dry gluten, and fifteen were deficient in
extensibility. However, no significant differences were observed between the local varieties and test
lines in terms of extensibility and dough volume.

Conclusions: Although none of the studied samples fully satisfied the stringent industrial
specifications for premium bread or noodle production, several varieties displayed promising dough
strength properties. The varicties with lower overall quality may still be suitable for less demanding
applications, such as biscuits, cakes, or traditional local baked goods.

Keywords: Triticum aestivum L.; Flour Quality; Dough Rheology; Alveograph Testing.
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1 INTRODUCTION

demands. However, the quality characteristics of wheat

Wheat stands as a cornerstone of global food security,
providing approximately 20% of total dietary calories and
essential nutrients to over 35% of the world's population
(Sirat, 2022; Chakrabarti-Bell ez 2/, 2021). As the world's
most widely cultivated cereal crop by area and second largest
by production volume after maize, common wheat (77iticum
aestivum L.) plays a critical role in meeting growing food
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varieties vary significantly across different growing regions
and cultivars, making comprehensive quality assessment
studies essential for optimizing agricultural productivity,
ensuring food processing suitability, and maintaining
nutritional standards in an era of increasing global food
insecurity.

Algeria faces a critical challenge in wheat self-sufficiency,
with its growing population expected to exceed 50 million
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by 2030 (Bessaoud, 2018). Despite being a significant
regional producer of durum wheat, the country remains
heavily dependent on imports, which supply approximately
70% of its domestic common wheat consumption. This
dependency has intensified in recent years, with annual
wheat imports averaging 7.6 million metric tons over the
past five years and reaching 8.1 million metric tons in the
2022-23 marketing year—a 25% increase from the previous
year and 7% above the five-year average (FAO, 2022). While
Algeria's 263 flour mills efficiently process these imports into
flour domestically (Bessaoud, 2018), the quality variability of
both imported and locally produced wheat presents ongoing
challenges for consistent flour and baking performance.
Understanding the quality characteristics of Algeria's
domestic wheat varieties is therefore crucial for optimizing
local production, reducing import dependency, and ensuring
food security for the nation's growing population.

Wheat quality assessment is fundamental to determining
flour suitability for various baked goods, as the
physicochemical properties of wheat directly influence the
characteristics and processing behavior of the final products
(Oikonomou et al, 2015; Tozatti et al, 2020). Critical
quality parameters include protein content, gluten
characteristics (wet and dry gluten), Zeleny sedimentation
values, and rheological properties, which collectively
determine flour performance in different baking applications
(Rababah ez al., 2019). Among the various analytical methods
available, the alveograph test has emerged as a particularly
valuable tool for evaluating bread-making quality, providing
crucial insights into dough strength, extensibility, and overall
technological potential of wheat varieties (Indrani ez /., 2007;
Jodal and Larsen, 2021). However, detailed comparative data
on the technological quality of Algeria’s most widely grown
wheat varieties are still scarce, making it difficult for breeders
and millers to select the best varieties for specific end-uses.

Although several studies have been conducted on Algerian
common wheat, they remain limited in scope and coverage.
Most focus either on the molecular biodiversity of Saharan
bread wheat (Bellatreche ez al., 2019), the impact of climatic
and environmental conditions on wheat production (Ouzani
et al., 2025), or their suitability for bread making (Abbes ez
al., 2023). However, comprehensive comparative quality
assessments that simultaneously evaluate both established
local varieties and promising experimental breeding lines
remain scarce in the literature. This knowledge gap is
particularly significant given that many Algerian wheat
genotypes are currently underutilized and often directed
towards animal feed, representing a missed opportunity for
valorization in human food applications. Additionally, the
potential uses of these wheat resources beyond conventional
bread making remain largely unexplored, limiting
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opportunities for product diversification and value addition
in Algeria's wheat processing sector.

Given the critical importance of wheat quality assessment
for optimizing domestic production, advancing breeding
programs, and expanding processing applications, this study
aimed to: (1) comprehensively evaluate the flour and dough
quality of 19 common wheat varieties, including both
established local varieties and experimental test lines, using
standardized protocols for protein content, gluten
parameters, Zeleny sedimentation, and alveograph analyses;
(2) investigate interrelationships among quality traits through
correlation and multivariate analyses to understand the
underlying structure of quality variation; (3) compare quality
performance between local varieties and test lines to assess
breeding progress and identify superior genotypes; and (4)
classify these varieties based on their technological properties
to determine their suitability for different wheat flour-based
applications and processing end-uses.

2 MATERIALS AND METHODS

2.1 Sample Collection and Preparation

The study was conducted on 19 samples of Algerian
common wheat (local varieties and lines under test)
identified by simplified codes (V1 to V19) (Supplementary
Table 1). The samples were obtained from the Institur
Technique des Grandes Cultures (ITGC) located within Oued
Smar, Algiers, in September 2013. The samples were then
manually cleaned to remove all impurities (stones, insects,
seeds of other species), weighed, and ground at the
Soummam Mills Unit laboratory (ERIAD, Sidi Aich, Béjaia)
using an experimental Brabender mill (Brabender
Quadrumat® Senior, Duisburg, Germany).

2.2 Flours Characterizations

The resulting flour and bran were weighed to calculate
the extraction rate, and then all flour samples were stored in
airtight containers at a refrigeration temperature of 4 + 1°C
until use. This was done to preserve their quality and prevent
any contamination or moisture absorption that could affect
the experimental. Samples were analyzed for moisture,
protein content, gluten content, Zeleny sedimentation, and
alveograph properties. Moisture content, gluten content, and
Zeleny sedimentation were tested at the Soummam Mills
Unit Laboratory (ERIAD Sidi Aich, Bejaia) using ISO 287,
ISO 21415-3, and ISO 5529 methods, respectively. Protein
content was analyzed using the Kjeldahl method, following
the ISO 5983:1997 standard.

The Chopin-Alveograph test was performed in the
Molino Grani unit laboratory (Akbou, Bejaia) with the use of
an alveograph (Chopin NG, Villeneuve-la-Garenne, France)
following the ISO5530/4 1992 standard. The equivalent of
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250 g of flour was combined with the requisite amount of
salt water, and the resulting dough was sheeted to the desired
thickness before being cut into discs and set aside to rest.
The produced dough discs were then inflated with air
pressure into bubbles until they ruptured. The pressure
fluctuation inside the bubbles was automatically recorded in
a graph, allowing the following alveograph characteristics to
be measured: the dough strength (W), tenacity (P),
extensibility (L), dough swelling (G), alveograph ratio (P/L),
and elasticity index (Te).

2.3 Data Analysis

Descriptive statistics (mean * standard deviation) were
computed for each wheat flour variety across all selected
parameters. Spearman correlation analyses were then
performed twice: first on the full dataset to capture overall
trait associations, and second within each variety category
(local landraces vs. tested lines) to identify group-specific
relationships. Correlation matrices were visualized as
heatmaps, highlighting both global and within-group inter-
parameter patterns. To test for multivariate differences in
flour and dough quality profiles between categories, a

Euclidean distance matrix was computed, and Ward’s linkage
method was applied to generate dendrograms that visually
group varieties according to their biochemical and functional
trait similarities. All analyses were performed in R statistical
software (version 4.1.1; R Development Core Team, 2024).

3 RESULTS AND DISCUSSION

3.1 Overall Quality Parameter Distribution
and Varietal Classification

The comprehensive analysis of 19 wheat varieties revealed
variation in flour and dough quality parameters, with
significant differences observed between local varieties and test
lines across multiple quality traits (PERMANOVA: F = 6.88,
p = 0.008). Statistical analysis using permutation-based
multivariate analysis of variance demonstrated that varietal
origin significantly influenced the overall quality profile,
accounting for 11.1% of the total variation among samples
(Table 1, Supplementary Table 2).

Extraction Rate, Moisture Content, Protein Content and
Gluten Characteristics

Table 1. Comparison of trait measurements between Local varieties and Test lines of wheat, showing means, standard deviations, ranges,

and coefficients of variation (CV %). P-values shown represent post hoc test results adjusted using False Discovery Rate (FDR) correction

Local varieties Test Lines

Trait Mean + SD Range CV % Mean + SD Range CV% pvalue
Moisture content % 15.90 + 0.21 15.56-16.21 1.3 16.00 + 0.37 15.29-16.46 2.3 0.291
ER % 71.31 £5.39 60.00-78.40 7.6 73.38 + 1.68 70.00-76.80 2.3 0.097
Dry gluten % 8.51 +1.32 5.40-10.50 15.5 7.99 + 0.48 7.00-9.00 6.0 0.106
Wet gluten % 24.17 +3.79 15.40-28.80 15.7 23.20 + 1.81 20.00-26.80 7.8 1.000
Protein content (%) 11.13 + 1.46 7.80-13.03 13.1 11.21 £ 0.59 9.70-12.04 5.3 0.783
Zeleny value (ml) 27.79 £ 3.63 22.00-34.00 13.0 31.21 +3.74 24.00-38.00 12.0 0.011
G (cm?®) 20.25 £ 4.43 10.00-26.50 21.9 19.32 + 1.37 16.90-22.00 7.1 0.332
Ie (%) 44.85 + 15.74 0.00-64.20 35.1 50.50 + 7.83 38.20-61.50 15.5 0.162
L(mm) 86.36 + 34.63 33.00-144.00 40.1 75.75 £ 11.20 58.00-100.00 14.8 0.179
P (mmH;0) 68.15 + 19.86 38.00-102.00 29.1 82.00 + 16.35 46.00-106.00 19.9 0.022
P/L 1.03 + 0.68 0.27-2.36 65.4 1.13 +0.32 0.50-1.57 28.4 0.551
W(10—4J) 169.58 + 39.26  100.00-250.00 23.1 205.42 +51.42  115.00-279.00 25.0 0.022

Note: ER: Extraction Rate; CV: Coefficients of Variation; G: Dough Swelling; Ie: Elasticity Index; L: Extensibility; P: Tenacity; P/L: Alveograph Ratio; W: Dough Strength.

permutational ~ multivariate  analysis  of  variance
(PERMANOVA) was carried out using the “adonis2”
function from the vegan package (Oksanen et 4l., 2007). For
univariate comparisons, each trait was subjected to the
Kruskal-Wallis rank-sum test to detect significant differences
among varieties. Pairwise comparisons were performed to
identify which specific variety pairs differed for each
parameter using Dunn’s post-hoc test with Bonferroni
correction using the dunn.test package (Dinno, 2023).
Finally, hierarchical clustering was conducted on the same set
of flour and dough quality variables. Prior to clustering,
variables were standardized (z-score) using functions from the
factoextra package (Kassambara & Mundt, 2017). A
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Extraction rates showed considerable variation among
individual varieties, though no significant difference was
observed between local varieties and test lines overall (71.31 +
5.39% vs. 73.38 + 1.68%, p = 0.097). The higher coefficient
of variation in local varieties (7.6%) compared to test lines
(2.3%) indicates greater diversity within the local germplasm.
This pattern of higher variability in local varieties compared
to test lines was observed across multiple traits, as illustrated
in the distribution patterns shown in Figure 1. Moisture
content remained consistently appropriate across all samples
with minimal variation between groups (15.90 + 0.21% vs.
16.00 + 0.37%, p = 0.291), confirming proper grain
conditioning prior to milling. The quality traits observed in
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Figure 1. Violin plots comparing trait distributions between Local varieties (red) and Test lines (blue) of wheat
the 19 Algerian wheat varieties reveal both similarities and Among these traits, protein content shows particularly
notable contrasts when compared to varieties from local, marked variation, ranging from 7.60% to 14.03% in local
Mediterranean, and global wheat-producing regions (Table varieties and from 9.70% to 12.04% in the test lines. While
2). the mean values did not differ significantly (11.13 + 1.46%

vs. 11.21 £ 0.59%; p = 0.783), the broader distribution among
local varieties reflects a greater variability, which aligns closely

Table 2. Comparative quality parameters across global wheat-producing regions

Wet
Gluren Dry  Zeleny W,

% Gluten % mL x1074]

%
7.6-14.0 20.00-26.805.4-10.5 22-38 103-277  0.5-2.36  33.00-144.00 38.00-106 10-22.00  00-64.20 This study

9.20-12.18 20.27-32.88 <12 <30 85-180 1.08-2.66 47.68-28.10 51.50-74.75 14.70-18.90 - Abbes et al. (2023)

Protein

Region P/L L mm P mm G Ie References

Algeria

Sakr et al. (2021),
Tacovino et al. (2025),
10.7-14.4 - - - 178-262  0.41-1.23 68-138 55-95 - - Karaduman et al. (2020)
Tacovino et al. (2025)
Blandino et al. (2016)

Mediterranean

) 164— Harisha ez al. (2025)

South Asia  10.5-16.5 19.41-41.77 6.7-16.5 422 - - - - - - Chapla et al. (2017)

Wang ez al. (2025)
Hu et al. (2025)

Herndndez-Espinosa ez

East Asia 11.2-14.1 17.70-37.9 - - 210-396 - - - =

0.5— 55.50—

America 12.8-15.1 - - - 301-509 26 33.03-67.8 137.00 - - al. (2018) Barros et al.
(2022)
Australia  5.67-13.20 - - - - - - - - - Kelly ez al. (2025)

Note: CV: Coefficients of Variation.
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with ranges reported for international wheat (Karaduman ez
al., 20205 lacovino er al, 2025). This suggests that local
genotypes hold considerable potential in terms of protein
concentration. In contrast, the test lines remained up to 20%
lower, indicating a performance gap likely attributable to
genetic background.

Additional comparisons provide context for these findings
(Table 2). Compared with Indian breeding lines (Harisha ez
al., 2025), the local varieties demonstrated protein levels up
to 35% higher, while the test lines were generally comparable
or slightly lower. Similarly, when measured against previous
studies on Algerian wheat (Abbes ef al., 2023), both groups
showed an increase in protein content, with local varieties
reaching up to 50% higher values, highlighting the influence
of growing conditions and varietal potential.

Gluten-related parameters provide additional insights
into the technological quality of the studied wheat varieties.
Dry gluten content exhibited considerable variability,
particularly among local varieties (CV = 15.5%) compared
to test lines (CV = 6.0%). Local varieties showed a broader
range (5.40-10.50%) than the test lines (7.00-9.00%), with
no significant difference between group means (8.51 +
1.32% vs. 7.99 £ 0.48%, p = 0.106). In terms of gluten
content, neither group reached the levels typically observed
in high-performing international varieties, reflecting their
moderate classification (Harisha ez af., 2025; Wang ez al.,
2025).

The Zeleny sedimentation index further supported these
trends. Although a statistically significant difference was
observed between local varieties and test lines (27.79 + 3.63
ml vs. 31.21 + 3.74 ml, p = 0.011) indicating superior gluten
quality in the test lines (Figure 1), both groups showed lower
values compared to the Indian genotype (Harisha ez al,
2025). Local varieties remained largely consistent with
national values or slightdy superior, confirming their
intermediate performance (Abbes ez al., 2023).

Rbeological properties

Alveograph analysis revealed significant differences in key
rheological parameters between local varieties and test lines.
Opverall, the observed values align with a moderate gluten
strength profile, supporting the previously observed trends.

Dough tenacity was significantly higher in test lines
compared to local varieties (82.00 + 16.35 mm H,O vs.
68.15 + 19.86 mm H,0, p = 0.022), indicating stronger
gluten networks. This pattern was reinforced by dough
strength (W) measurements, which similarly favored test
lines (205.42 + 51.42 x 107 ] vs. 169.58 + 39.26 x 1074 ], »
= 0.022). Both parameters suggest that test lines possess
more robust gluten structures with potential of withstanding
processing stress. In contrast, dough extensibility (L) showed
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high variability, particularly in local varieties (CV = 40.1%
vs. 14.8%), though group means did not differ significantly
(86.36 + 34.63 mm vs. 75.75 + 11.20 mm, p = 0.179). Gas
production parameters (G) similarly showed no significant
differences between groups (20.25 + 4.43 cm3 vs. 19.32 +
1.37 cm?, p = 0.332), indicating comparable fermentation
potential despite differences in gluten strength.

When contextualized against regional studies, test lines
approached Lebanese wheat ranges for most parameters (Sakr
et al., 2021) and exceeded previous Algerian values by up to
34% (Abbes ez al., 2023), while both groups remained below
Brazilian wheats levels. These findings collectively indicate
that while test lines demonstrate improved gluten strength
and consistency compared to local varieties, both groups
exhibit moderate rheological properties when compared to
international wheat varieties.

3.2 Inter-trait Correlations and Group-
Specific Relationship Patterns

Correlation analysis revealed significant
relationships among quality parameters, with distinctly
different patterns observed between local varieties and test
lines (Figure 2). Local varieties demonstrated stronger
protein-rheology associations and more complex trait
interdependence, while test lines showed more selective
correlations and independent parameter behavior. Strong
positive correlations were consistently observed between
protein content and Zeleny sedimentation value across both
groups (Local: r = 0.75, Test lines: r = 0.71, both p < 0.001),
confirming the fundamental relationship between protein
quantity and gluten quality assessment. Similar to our
findings, Sirat (2022) reported that the Zeleny
sedimentation value primarily depends on protein content,
reflecting the test's measurement of gluten protein behavior
in acidic conditions. This consistent relationship across both
genetic groups validates the use of Zeleny sedimentation as a
reliable protein quality indicator regardless of varietal
background.

The relationship between protein content and dough
strength observed in the present study indicates that protein
content influences rheological behavior differently between
groups. Local varieties showed stronger correlations between
protein and dough strength (W), suggesting that protein
quantity more reliably predicts functional properties in this
genetic background. This contrasts with findings reported by
(Bordes et a4l 2008), who found no correlation between
protein content and alveograph parameters. The discrepancy
may reflect differences in genetic diversity and
environmental conditions, as the broader genetic base in our
local varieties may have created stronger protein-
functionality relationships than those observed in more
uniform commercial varieties.

Nor. Afr. J. Food Nutr. Res. ® Volume 9 © Issue 20 © 2025
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Figure 2. Correlation matrices of wheat flour quality parameters for (A) local varieties and (B) test lines. Spearman correlation
coefficients are displayed in each cell, with significance levels indicated by color intensity and asterisks (* p < 0.05; ** p < 0.01; *** p
<0.001)

Moderate correlations were detected between alveograph
parameters W and P in both groups (Local: r = 0.52, Test
lines: r = 0.48, both p < 0.01), indicating consistent
interdependence of dough strength and tenacity across
genetic backgrounds. This finding aligns with results
reported by Jodal and Larsen (2021), who demonstrated a
strong correlation between P and W, attributing it to the
mathematical derivation of W from the alveograph curve
area, which is directly influenced by curve height (P).

Strong negative correlations were found between
extensibility (L) and the P/L ratio across both groups (r < -
0.6, p < 0.001), reflecting the inherent inverse mathematical
relationship between these rheological parameters. This
relationship indicates that as dough extensibility increases,
the balance shifts toward lower tenacity relative to
extensibility, which is critical for determining optimal dough
handling characteristics and end-use applications.

The most notable differences between variety groups
were observed in correlations involving protein parameters
and rheological properties, where local varieties consistently
showed stronger associations compared to test lines. This
pattern suggests different underlying genetic mechanisms
governing dough behavior between the groups, with local
varieties  demonstrating more  integrated  protein-
functionality relationships while test lines exhibit more
independent trait expression. Previous research by Zivancev
et al. (2021) demonstrated that genotype significantly
influences trait relationships in wheat, with certain

Nor. Afr. J. Food Nutr. Res. ® Volume 9 © Issue 20 © 2025

parameters being more genotype-dependent than others. The
distinct correlation patterns observed between our groups
support this concept and indicate that selection strategies
should be tailored to the specific genetic architecture of each

population type.

3.3 Quality-Based Classification and End-
Use Suitability Assessment

Soft wheat flour is widely used in products like bread,
pasta, cakes, and cookies. Beyond these traditional uses, it
also serves in thickened sauces and, through malting, it can
yield natural sweeteners, texturizers, and thickeners that
enhance bread quality and diversify its food applications
(Calvi et al., 2023; Khomych er al, 2020; Meenu ez al.,
2024). Depending on the intended end product, flour
should meet specific requirements in terms of protein
content and gluten strength (Table 3).

Individual variety analysis revealed significant differences
among varieties for all measured parameters (Supplementary
Table 2). For protein content, RMADA (V13) achieved the
highest value (13.30 + 0.66%), followed by ARZ (V3)
(12.20 + 0.07%) and AIN ABID (V2) (12.15 + 0.12%),
while Anapo (V19) exhibited the lowest protein content
(7.80 £ 0.17%) (x* = 51.81, p < 0.001). The protein content
required for wheat to be suitable for bread making is above
11% (Mut ez al., 2017). Based on this criterion,

varieties AIN ABID (V2), ARZ (V3), Ae-Squarrosa
(Taus) Ben/4/Akla (V4), PASTOR (V5), DGA/BJY//FA*2

T

186

AfAc


https://najfnr.com/journal_docs/Supplementary%20Material-Messaoudene%20et%20al.%20najfnr.9.20.181-192.pdf
https://najfnr.com/journal_docs/Supplementary%20Material-Messaoudene%20et%20al.%20najfnr.9.20.181-192.pdf

L. Messaoudene et al.

Technological Performance of Algerian Wheat

(V6), F94048GA-2/DELABRAD (V7), HXL7579/2BAU
(V8), YANGMAII/GEN/WOOO030 (V9), ANZA (V12),
RMADA (V13), ANFORETA (V14), DJANATE (V16),
and HD (V18) are considered the most potential for bread
flour, as their protein content meets or exceeds the required
threshold. However, HIDHAB (V1), MNCH//210800994,
WIVEE (V10), KAUZ/PASTOR (V11), DJEMILA (V15),
WIFAK (V17), and Anapo (V19) are deemed unsuitable for
bread-making purposes due to their lower protein content.

Table 3. Functional classification of Algerian wheat varieties

End-Use Quality Requirements

Protein > 11%,

Wet gluten > 24%,

Dry gluten > 8%
Bread Zeleny 40 ml-59 mL,
P/L 0.61 to 1.20
W 201 t0 400 (104 J),
Te: 45% to 50%,
Protein 7.9-9.7%,
Moderate gluten,
Zeleny 20.0-32.0 mL, L < 100 mm
Protein 11-12%,
Chapati Dry gluten 8.5-11%,
weaker gluten strength
Wet gluten > 29.35%,
Gluten index > 90,

Biscuits/Cakes

Noodles protein 10.68% to 13.94%,
swelling index of glutenin (SIG) > 5.06
Blending High tenacity + low tenacity

interpretations, only ANZA (V12) and HD (V18) may be
categorized as high in wet gluten content. However,
HIDHAB (V1), PASTOR (V5), DGA/BJY//FA*2 (V6),
F94048GA-2/DELABRAD (V7), HXL7579/*2BAU (V8),
YANGMAIT/GEN/WOOO030 (V9), KAUZ/PASTOR
(V11), RMADA (V13), ANFORETA (V14), and Anapo
(V19) did not meet the acceptable minimum.

Sedimentation value is one of the most essential ways for
determining the amount and quality of protein, which is one

Suitable Varieties

None met all criteria

Anapo, WIFAK

AIN ABID, ARZ, PASTOR, DJEMILA, DJANATE, HD

None met criteria

KAUZ/PASTOR (Extra-strong),
Anza, HD, Djanat, MNCH//2*10800994, WIVEE Inferior wheat)

In addition to protein content, wheat flour should have a
minimum gluten level of 24% (wet) and 8% (dry). The
higher the gluten level, the higher the quality of wheat flour
for bread (Kaushik ez 2/, 2015). Our results showed that dry
gluten content followed a similar pattern to protein levels,
with ANZA (V12) and HD (V18) showing the highest
values (10.30 + 0.20% and 10.20 + 0.26%, respectively),
while Anapo (V19) exhibited the lowest value (5.50 *
0.10%) (x* = 54.55, p < 0.001). Except for HIDHAB (V1),
DGA/BJY//FA*2 (V6), F94048GA-2/DELABRAD (V7),
HXL7579/2BAU  (V8), YANGMAI1/GEN/WOOO30
(V9), and Anapo (V19), all varieties achieved the minimum
required levels of dry gluten.

The level of wet gluten is a major factor used in
determining bread quality (Sirat, 2022). Values below 20%
indicate soft wheat unsuitable for bread flour production. A
range between 20% and 27% reflects low gluten strength,
though often associated with higher protein content (Kurt &
Yagdi, 2017). Wet gluten is generally considered high when
it exceeds 27%, suggesting better suitability for bread-
making applications (Sirat, 2022). According to these
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of the most important quality parameters in wheat (Mut ez
al., 2017; Sirat, 2022). In this study,
YANGMAI1/GEN/WOOO30 (V9) achieved the highest
value (36.67 + 1.15 mlL), followed by KAUZ/PASTOR
(V11) (34.67 + 0.58 mL), while the lowest values were
recorded for RMADA (V13) (22.17 + 0.29 mL) and Anapo
(V19) (22.33 + 0.58 mL) (x> = 55.02, p < 0.001). Notably,
RMADA's (V13) high protein content did not correspond to
high sedimentation values, suggesting differences in gluten
quality composition. According to Kurt & Yagdi (2017),
sedimentation values ranging from 20 to 39 mL indicate
wheat with relatively low protein content, making them
suitable for producing cookie flour, other specialty flours, or
for blending with stronger wheat to produce standard wheat
flour. In contrast, sedimentation values between 40 and 59
mL represent strong wheat, which is generally used in the
production of bread flour. Based on these criteria, none of
the 19 wheat varieties qualify as strong and, therefore, are
not suitable for bread-making. The results indicate that all
varieties fall within the 20-39 mL range, making them more
suitable for cookie production or blending with stronger
wheat rather than direct bread-making applications.

Nor. Afr. J. Food Nutr. Res. ® Volume 9 © Issue 20 © 2025



L. Messaoudene et al.

Technological Performance of Algerian Wheat

Since flours intended for biscuit and cake production are
typically characterized by low to medium protein content
(7.9% to 9.7%) and moderate gluten strength—reflected in
intermediate Zeleny sedimentation values (20.0-32.0 mL)—
as these attributes limit gluten development and promote a
soft, tender crumb (Ma & Baik, 2018; Sumnu & Sahin,
2019), the WIFAK (V17) and Anapo (V19) varieties appear
particularly suitable for such applications, due to their lower
protein content and favorable gluten properties. Thanks to
these characteristics, they are likely to produce high-quality
biscuits with desirable height, shape factor, specific volume,
and crumb softness.

Higher protein (11-12%) and gluten contents (8.5—
11%) combined with weaker gluten strength are particularly
desirable for chapati production, as they facilitate maximum
dough sheeting without recoiling (Harisha ez 4/, 2025). In
this regard, the profiles of varieties AIN ABID (V2), ARZ
(V3), PASTOR (V5), DJEMILA (V15), DJANATE (V16),
and HD (V18), based on their respective protein, gluten
levels, and Zeleny values suggest their potential suitability for
chapati-making applications.

For noodle production, flours are required to exhibit
specific technological traits, including protein levels ranging
from 10.68% to 13.94% (lacovino ez al., 2025), a high wet
gluten content (> 29.35%), a gluten index above 90.06, and
a swelling index of glutenin (SIG) greater than 5.06. These
properties promote the aggregation of gluten proteins into
macropolymers, resulting in a compact and cohesive gluten
network in cooked noodles (Wang er 4/, 2025). However,
none of the flours analyzed in the present study displayed a
wet gluten content exceeding this critical threshold,
indicating that the evaluated varieties are not suitable for

noodle manufacturing.

The rheological parameters exhibited considerable
variation among the studied varieties. The parameter P,
which reflects dough resistance to deformation and strength
properties during the initial phase of deformation (Jedal &
Larsen, 2021) showed considerable  variation.
KAUZ/PASTOR (V11) exhibited the highest dough tenacity
(103.33 + 3.06 mm H,0) and strength (277.00 £ 2.00 x
1074 J), followed by RMADA (V13) for tenacity (100.00 +
2.00 mm H,0) and HXL7579/*2BAU (V8) for strength
(273.00 + 3.00 x 10747J).

Based on the classification from the literature, standard
wheats are characterized by P values between 60- and 80-
mm H,0, which corresponds to our samples HIDHAB
(V1), ARZ (V3), Ae-Squarrosa (Taus) Ben/4/Akla (V4),
PASTOR (V5), DJEMILA (V15), ANFORETA (V14), and
Anapo (V19). Very good grade wheats fall within the range
of 80 to 100 mm H,O, as observed in WIFAK (V17),
RMADA (V13), YANGMAII/GEN/WOOO30 (V9),

Nor. Afr. J. Food Nutr. Res. ® Volume 9 © Issue 20 © 2025

HXL7579/2BAU (V8), F94048GA-2/DELABRAD (V7),
DGA/BJY//FA2 (V6), and AIN ABID (V2). Extra-strong
wheats, defined by P values exceeding 100 mm H,O, are
represented by KAUZ/PASTOR (V11) (Bordes ez al., 2008).
However, HD (V18), DJANATE (V16), ANZA (V12), and
MNCH//2*10800994, WIVEE (V10) did not reach the
minimum threshold required to be classified as standard
wheat.

Strong wheat flours exhibit P/L ratios ranging from 0.61
to 1.20 and W values ranging from 201 to 400 (10-4 J)
(Barros et al., 2022). Only PASTOR (V5) can be described
as strong wheat flour among the 19 varieties tested, with a
P/L value of 0.98% and a W value of 218 (10—4 J). Strong
wheat is commonly used in breadmaking (Kurt & Yagdi,
2017). Since PASTOR (V5) is considered as strong wheat,
its flour may be used to make bread.

The elasticity index (Ie) value ranges from 25 to 75%,
with 45 to 50% being ideal for bread-making flour and 50 to
55% being ideal for flour not destined for bread-making
(Kitissou, 1995). ARZ (V3), DGA/B]JY//FA*2 (V0),
DJEMILA (V15), DJANATE (V16), WIFAK (V17), and
HD (V18) exhibit Ie values ranging from 45% to 50%,
indicating their suitability for breadmaking. Conversely,
PASTOR (V5) and ANFORETA (V14), with Ie values
between 50% and 55%, are more appropriate for other

baked products.

Initially, we concluded that only variecy PASTOR (V5)
was suitable for bread production due to its high W and P/L
values. However, the elasticity index results challenge this
conclusion. Similarly, other varieties previously deemed
unsuitable for bread production, based on their W and P/L
values, were classified as acceptable for bread-making based
on their Ie values. Therefore, we can conclude that relying
on a single parameter is inadequate for accurately predicting
dough behavior.

The discrepancy, between Figure 3A and Figure 3B,
demonstrates the complexity of wheat quality relationships
and explains why single-parameter assessment fails to predict
end-use suitability. For instance, RMADA (V13) clusters
differently when evaluated by composition versus rheological
properties, highlighting that its high protein content
(13.30%) does not translate to proportionally superior
dough performance. This finding supports previous
observations that protein quantity alone is insufficient for
quality prediction (Kaushik ez a/., 2015).

The clustering analysis endorses our earlier finding that
no single variety met all bread-making criteria when assessed
through integrated quality evaluation. The different
clustering patterns between compositional and functional
properties provide scientific evidence for the necessity of
comprehensive  quality assessment that includes both

Fan,
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Figure 3. Hierarchical clustering of 19 wheat varieties based on two distinct trait domains. (A) Rheological parameters: W (1074]),
P (mm H,0), L (mm), G (cm?), P/L ratio, and Ie (%). (B) Compositional quality traits: dry gluten (%), protein content (%), and
Zeleny value (mL).

chemical composition and rheological testing, rather than
relying solely on protein content or individual parameters.

This multivariate approach reveals that wheat quality
assessment requires integration of multiple parameters, as the
relationship between composition and functionality is not
straightforward. The the
development of targeted breeding strategies and blending

clustering patterns support
approaches, where varieties can be selected based on their
specific quality profiles rather than attempting to develop
single varieties that excel in all parameters simultaneously.

Study Limitations

A potential limitation of this study is that the wheat
varieties were not cultivated under identical environmental
conditions, as they were sourced from different locations.
Additionally, the anonymous nature of some samples
restricts access to deeper historical or genetic background
information, which could have provided further insights into
the observed technological properties. As a result, factors
such as soil composition, climate, and agronomic practices
may have contributed to the variation observed in flour
quality traits. Nonetheless, the broad sampling across diverse
agro-ecological zones enhances the applicability of our
findings and provides a valuable baseline for selecting and
improving Algerian wheat germplasm.

4 CONCLUSION

This study provides a characterization of nineteen

Algerian bread wheat varieties, focusing on both

N
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compositional  traits and  rheological  characteristics.
Considerable variability was observed in protein content,
gluten content and quality, as well as the alveographic
parameters, reflecting the genetic diversity of the varieties.
While none of the varieties fully met the stringent
technological requirements for industrial bread or noodle
production, several varieties exhibited promising dough
strength

and balanced tenacity/extensibility  profiles,

them as candidates for future

Other

performance, may still hold potential for application in

positioning potential

development. varieties, with lower rheological
baked goods that require lower flour quality standards, such

as biscuits, cakes, or traditional products.

Although the immediate industrial suitability of the
studied flours the results highlight

promising potential that can serve as a foundation for

remains limited,
improvement strategies. As future perspectives, several
strategies could be explored to improve the technological
suitability of these local flours. This includes blending with
higher-quality flours to reach the required functionality for
bread making, or enrichment with vital gluten to enhance
baking performance. Moreover, application-oriented testing
on traditional and sweet baked goods could help identify the
most appropriate uses based on the intrinsic properties of
these wheat varieties.

Ultimately, our findings offer a framework for leveraging
local wheat resources in diverse end-use applications and for
informing breeding programs aimed at enhancing national
grain quality.
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	1 Introduction
	Wheat stands as a cornerstone of global food security, providing approximately 20% of total dietary calories and essential nutrients to over 35% of the world's population (Sirat, 2022; Chakrabarti-Bell et al., 2021). As the world's most widely cultivated cereal crop by area and second largest by production volume after maize, common wheat (Triticum aestivum L.) plays a critical role in meeting growing food demands. However, the quality characteristics of wheat varieties vary significantly across different growing regions and cultivars, making comprehensive quality assessment studies essential for optimizing agricultural productivity, ensuring food processing suitability, and maintaining nutritional standards in an era of increasing global food insecurity. 
	Algeria faces a critical challenge in wheat self-sufficiency, with its growing population expected to exceed 50 million by 2030 (Bessaoud, 2018). Despite being a significant regional producer of durum wheat, the country remains heavily dependent on imports, which supply approximately 70% of its domestic common wheat consumption. This dependency has intensified in recent years, with annual wheat imports averaging 7.6 million metric tons over the past five years and reaching 8.1 million metric tons in the 2022–23 marketing year—a 25% increase from the previous year and 7% above the five-year average (FAO, 2022). While Algeria's 263 flour mills efficiently process these imports into flour domestically (Bessaoud, 2018), the quality variability of both imported and locally produced wheat presents ongoing challenges for consistent flour and baking performance. Understanding the quality characteristics of Algeria's domestic wheat varieties is therefore crucial for optimizing local production, reducing import dependency, and ensuring food security for the nation's growing population. 
	Wheat quality assessment is fundamental to determining flour suitability for various baked goods, as the physicochemical properties of wheat directly influence the characteristics and processing behavior of the final products (Oikonomou et al., 2015; Tozatti et al., 2020). Critical quality parameters include protein content, gluten characteristics (wet and dry gluten), Zeleny sedimentation values, and rheological properties, which collectively determine flour performance in different baking applications (Rababah et al., 2019). Among the various analytical methods available, the alveograph test has emerged as a particularly valuable tool for evaluating bread-making quality, providing crucial insights into dough strength, extensibility, and overall technological potential of wheat varieties (Indrani et al., 2007; Jødal and Larsen, 2021). However, detailed comparative data on the technological quality of Algeria’s most widely grown wheat varieties are still scarce, making it difficult for breeders and millers to select the best varieties for specific end‐uses. 
	Although several studies have been conducted on Algerian common wheat, they remain limited in scope and coverage. Most focus either on the molecular biodiversity of Saharan bread wheat (Bellatreche et al., 2019), the impact of climatic and environmental conditions on wheat production (Ouzani et al., 2025), or their suitability for bread making (Abbes et al., 2023). However, comprehensive comparative quality assessments that simultaneously evaluate both established local varieties and promising experimental breeding lines remain scarce in the literature. This knowledge gap is particularly significant given that many Algerian wheat genotypes are currently underutilized and often directed towards animal feed, representing a missed opportunity for valorization in human food applications. Additionally, the potential uses of these wheat resources beyond conventional bread making remain largely unexplored, limiting opportunities for product diversification and value addition in Algeria's wheat processing sector.
	Given the critical importance of wheat quality assessment for optimizing domestic production, advancing breeding programs, and expanding processing applications, this study aimed to: (1) comprehensively evaluate the flour and dough quality of 19 common wheat varieties, including both established local varieties and experimental test lines, using standardized protocols for protein content, gluten parameters, Zeleny sedimentation, and alveograph analyses; (2) investigate interrelationships among quality traits through correlation and multivariate analyses to understand the underlying structure of quality variation; (3) compare quality performance between local varieties and test lines to assess breeding progress and identify superior genotypes; and (4) classify these varieties based on their technological properties to determine their suitability for different wheat flour-based applications and processing end-uses.
	2 Materials and Methods 
	2.1 Sample Collection and Preparation
	The study was conducted on 19 samples of Algerian common wheat (local varieties and lines under test) identified by simplified codes (V1 to V19) (Supplementary Table 1). The samples were obtained from the Institut Technique des Grandes Cultures (ITGC) located within Oued Smar, Algiers, in September 2013. The samples were then manually cleaned to remove all impurities (stones, insects, seeds of other species), weighed, and ground at the Soummam Mills Unit laboratory (ERIAD, Sidi Aïch, Béjaïa) using an experimental Brabender mill (Brabender Quadrumat® Senior, Duisburg, Germany).
	2.2 Flours Characterizations
	The resulting flour and bran were weighed to calculate the extraction rate, and then all flour samples were stored in airtight containers at a refrigeration temperature of 4 ± 1 °C until use. This was done to preserve their quality and prevent any contamination or moisture absorption that could affect the experimental. Samples were analyzed for moisture, protein content, gluten content, Zeleny sedimentation, and alveograph properties. Moisture content, gluten content, and Zeleny sedimentation were tested at the Soummam Mills Unit Laboratory (ERIAD Sidi Aich, Bejaia) using ISO 287, ISO 21415-3, and ISO 5529 methods, respectively. Protein content was analyzed using the Kjeldahl method, following the ISO 5983:1997 standard. 
	The Chopin-Alveograph test was performed in the Molino Grani unit laboratory (Akbou, Bejaia) with the use of an alveograph (Chopin NG, Villeneuve-la-Garenne, France) following the ISO5530/4 1992 standard. The equivalent of 250 g of flour was combined with the requisite amount of salt water, and the resulting dough was sheeted to the desired thickness before being cut into discs and set aside to rest. The produced dough discs were then inflated with air pressure into bubbles until they ruptured. The pressure fluctuation inside the bubbles was automatically recorded in a graph, allowing the following alveograph characteristics to be measured: the dough strength (W), tenacity (P), extensibility (L), dough swelling (G), alveograph ratio (P/L), and elasticity index (Ie). 
	2.3 Data Analysis
	Descriptive statistics (mean ± standard deviation) were computed for each wheat flour variety across all selected parameters. Spearman correlation analyses were then performed twice: first on the full dataset to capture overall trait associations, and second within each variety category (local landraces vs. tested lines) to identify group‐specific relationships. Correlation matrices were visualized as heatmaps, highlighting both global and within‐group inter‐parameter patterns. To test for multivariate differences in flour and dough quality profiles between categories, a permutational multivariate analysis of variance (PERMANOVA) was carried out using the “adonis2” function from the vegan package (Oksanen et al., 2007). For univariate comparisons, each trait was subjected to the Kruskal–Wallis rank‐sum test to detect significant differences among varieties. Pairwise comparisons were performed to identify which specific variety pairs differed for each parameter using Dunn’s post‐hoc test with Bonferroni correction using the dunn.test package (Dinno, 2023). Finally, hierarchical clustering was conducted on the same set of flour and dough quality variables. Prior to clustering, variables were standardized (z‐score) using functions from the factoextra package (Kassambara & Mundt, 2017). A Euclidean distance matrix was computed, and Ward’s linkage method was applied to generate dendrograms that visually group varieties according to their biochemical and functional trait similarities. All analyses were performed in R statistical software (version 4.1.1; R Development Core Team, 2024). 
	3 Results and Discussion
	3.1 Overall Quality Parameter Distribution and Varietal Classification 
	The comprehensive analysis of 19 wheat varieties revealed variation in flour and dough quality parameters, with significant differences observed between local varieties and test lines across multiple quality traits (PERMANOVA: F = 6.88, p = 0.008). Statistical analysis using permutation-based multivariate analysis of variance demonstrated that varietal origin significantly influenced the overall quality profile, accounting for 11.1% of the total variation among samples (Table 1, Supplementary Table 2).
	Extraction Rate, Moisture Content, Protein Content and   Gluten Characteristics
	Extraction rates showed considerable variation among individual varieties, though no significant difference was observed between local varieties and test lines overall (71.31 ± 5.39% vs. 73.38 ± 1.68%, p = 0.097). The higher coefficient of variation in local varieties (7.6%) compared to test lines (2.3%) indicates greater diversity within the local germplasm.  This pattern of higher variability in local varieties compared to test lines was observed across multiple traits, as illustrated in the distribution patterns shown in Figure 1. Moisture content remained consistently appropriate across all samples with minimal variation between groups (15.90 ± 0.21% vs. 16.00 ± 0.37%, p = 0.291), confirming proper grain conditioning prior to milling. The quality traits observed in the 19 Algerian wheat varieties reveal both similarities and notable contrasts when compared to varieties from local, Mediterranean, and global wheat-producing regions (Table 2).
	Among these traits, protein content shows particularly marked variation, ranging from 7.60% to 14.03% in local varieties and from 9.70% to 12.04% in the test lines. While the mean values did not differ significantly (11.13 ± 1.46% vs. 11.21 ± 0.59%; p = 0.783), the broader distribution among local varieties reflects a greater variability, which aligns closely with ranges reported for international wheat (Karaduman et al., 2020; Iacovino et al., 2025). This suggests that local genotypes hold considerable potential in terms of protein concentration. In contrast, the test lines remained up to 20% lower, indicating a performance gap likely attributable to genetic background. 
	Additional comparisons provide context for these findings (Table 2). Compared with Indian breeding lines (Harisha et al., 2025), the local varieties demonstrated protein levels up to 35% higher, while the test lines were generally comparable or slightly lower. Similarly, when measured against previous studies on Algerian wheat (Abbes et al., 2023), both groups showed an increase in protein content, with local varieties reaching up to 50% higher values, highlighting the influence of growing conditions and varietal potential.
	Gluten-related parameters provide additional insights into the technological quality of the studied wheat varieties. Dry gluten content exhibited considerable variability, particularly among local varieties (CV = 15.5%) compared to test lines (CV = 6.0%). Local varieties showed a broader range (5.40–10.50%) than the test lines (7.00–9.00%), with no significant difference between group means (8.51 ± 1.32% vs. 7.99 ± 0.48%, p = 0.106). In terms of gluten content, neither group reached the levels typically observed in high-performing international varieties, reflecting their moderate classification (Harisha et al., 2025; Wang et al., 2025).
	The Zeleny sedimentation index further supported these trends. Although a statistically significant difference was observed between local varieties and test lines (27.79 ± 3.63 ml vs. 31.21 ± 3.74 ml, p = 0.011) indicating superior gluten quality in the test lines (Figure 1), both groups showed lower values compared to the Indian genotype (Harisha et al., 2025). Local varieties remained largely consistent with national values or slightly superior, confirming their intermediate performance (Abbes et al., 2023).
	Rheological properties
	Alveograph analysis revealed significant differences in key rheological parameters between local varieties and test lines. Overall, the observed values align with a moderate gluten strength profile, supporting the previously observed trends. 
	Dough tenacity was significantly higher in test lines compared to local varieties (82.00 ± 16.35 mm H₂O vs. 68.15 ± 19.86 mm H₂O, p = 0.022), indicating stronger gluten networks. This pattern was reinforced by dough strength (W) measurements, which similarly favored test lines (205.42 ± 51.42 × 10⁻⁴ J vs. 169.58 ± 39.26 × 10⁻⁴ J, p = 0.022). Both parameters suggest that test lines possess more robust gluten structures with potential of withstanding processing stress. In contrast, dough extensibility (L) showed high variability, particularly in local varieties (CV = 40.1% vs. 14.8%), though group means did not differ significantly (86.36 ± 34.63 mm vs. 75.75 ± 11.20 mm, p = 0.179). Gas production parameters (G) similarly showed no significant differences between groups (20.25 ± 4.43 cm³ vs. 19.32 ± 1.37 cm³, p = 0.332), indicating comparable fermentation potential despite differences in gluten strength.
	When contextualized against regional studies, test lines approached Lebanese wheat ranges for most parameters (Sakr et al., 2021) and exceeded previous Algerian values by up to 34% (Abbes et al., 2023), while both groups remained below Brazilian wheats levels. These findings collectively indicate that while test lines demonstrate improved gluten strength and consistency compared to local varieties, both groups exhibit moderate rheological properties when compared to international wheat varieties.
	3.2 Inter-trait Correlations and Group-Specific Relationship Patterns
	       Correlation analysis revealed significant relationships among quality parameters, with distinctly different patterns observed between local varieties and test lines (Figure 2). Local varieties demonstrated stronger protein-rheology associations and more complex trait interdependence, while test lines showed more selective correlations and independent parameter behavior. Strong positive correlations were consistently observed between protein content and Zeleny sedimentation value across both groups (Local: r = 0.75, Test lines: r = 0.71, both p < 0.001), confirming the fundamental relationship between protein quantity and gluten quality assessment. Similar to our findings, Sirat (2022) reported that the Zeleny sedimentation value primarily depends on protein content, reflecting the test's measurement of gluten protein behavior in acidic conditions. This consistent relationship across both genetic groups validates the use of Zeleny sedimentation as a reliable protein quality indicator regardless of varietal background.
	The relationship between protein content and dough strength observed in the present study indicates that protein content influences rheological behavior differently between groups. Local varieties showed stronger correlations between protein and dough strength (W), suggesting that protein quantity more reliably predicts functional properties in this genetic background. This contrasts with findings reported by (Bordes et al. 2008), who found no correlation between protein content and alveograph parameters. The discrepancy may reflect differences in genetic diversity and environmental conditions, as the broader genetic base in our local varieties may have created stronger protein-functionality relationships than those observed in more uniform commercial varieties.
	Moderate correlations were detected between alveograph parameters W and P in both groups (Local: r ≈ 0.52, Test lines: r ≈ 0.48, both p < 0.01), indicating consistent interdependence of dough strength and tenacity across genetic backgrounds. This finding aligns with results reported by Jødal and Larsen (2021), who demonstrated a strong correlation between P and W, attributing it to the mathematical derivation of W from the alveograph curve area, which is directly influenced by curve height (P).
	Strong negative correlations were found between extensibility (L) and the P/L ratio across both groups (r < -0.6, p < 0.001), reflecting the inherent inverse mathematical relationship between these rheological parameters. This relationship indicates that as dough extensibility increases, the balance shifts toward lower tenacity relative to extensibility, which is critical for determining optimal dough handling characteristics and end-use applications.
	The most notable differences between variety groups were observed in correlations involving protein parameters and rheological properties, where local varieties consistently showed stronger associations compared to test lines. This pattern suggests different underlying genetic mechanisms governing dough behavior between the groups, with local varieties demonstrating more integrated protein-functionality relationships while test lines exhibit more independent trait expression. Previous research by Živančev et al. (2021) demonstrated that genotype significantly influences trait relationships in wheat, with certain parameters being more genotype-dependent than others. The distinct correlation patterns observed between our groups support this concept and indicate that selection strategies should be tailored to the specific genetic architecture of each population type.
	3.3 Quality-Based Classification and End-Use Suitability Assessment
	Soft wheat flour is widely used in products like bread, pasta, cakes, and cookies. Beyond these traditional uses, it also serves in thickened sauces and, through malting, it can yield natural sweeteners, texturizers, and thickeners that enhance bread quality and diversify its food applications (Calvi et al., 2023; Khomych et al., 2020; Meenu et al., 2024). Depending on the intended end product, flour should meet specific requirements in terms of protein content and gluten strength (Table 3).
	Individual variety analysis revealed significant differences among varieties for all measured parameters (Supplementary Table 2). For protein content, RMADA (V13) achieved the highest value (13.30 ± 0.66%), followed by ARZ (V3) (12.20 ± 0.07%) and AIN ABID (V2) (12.15 ± 0.12%), while Anapo (V19) exhibited the lowest protein content (7.80 ± 0.17%) (χ² = 51.81, p < 0.001). The protein content required for wheat to be suitable for bread making is above 11% (Mut et al., 2017). Based on this criterion,
	varieties AIN ABID (V2), ARZ (V3), Ae-Squarrosa (Taus) Ben/4/Akla (V4), PASTOR (V5), DGA/BJY//FA*2 (V6), F94048GA-2/DELABRAD (V7), HXL7579/2BAU (V8), YANGMAI1/GEN/WOOO30 (V9), ANZA (V12), RMADA (V13), ANFORETA (V14), DJANATE (V16), and HD (V18) are considered the most potential for bread flour, as their protein content meets or exceeds the required threshold. However, HIDHAB (V1), MNCH//2I0800994, WIVEE (V10), KAUZ/PASTOR (V11), DJEMILA (V15), WIFAK (V17), and Anapo (V19) are deemed unsuitable for bread-making purposes due to their lower protein content.
	In addition to protein content, wheat flour should have a minimum gluten level of 24% (wet) and 8% (dry). The higher the gluten level, the higher the quality of wheat flour for bread (Kaushik et al., 2015). Our results showed that dry gluten content followed a similar pattern to protein levels, with ANZA (V12) and HD (V18) showing the highest values (10.30 ± 0.20% and 10.20 ± 0.26%, respectively), while Anapo (V19) exhibited the lowest value (5.50 ± 0.10%) (χ² = 54.55, p < 0.001). Except for HIDHAB (V1), DGA/BJY//FA*2 (V6), F94048GA-2/DELABRAD (V7), HXL7579/*2BAU (V8), YANGMAI1/GEN/WOOO30 (V9), and Anapo (V19), all varieties achieved the minimum required levels of dry gluten.
	The level of wet gluten is a major factor used in determining bread quality (Sirat, 2022). Values below 20% indicate soft wheat unsuitable for bread flour production. A range between 20% and 27% reflects low gluten strength, though often associated with higher protein content (Kurt & Yagdi, 2017). Wet gluten is generally considered high when it exceeds 27%, suggesting better suitability for bread-making applications (Sirat, 2022). According to these interpretations, only ANZA (V12) and HD (V18) may be categorized as high in wet gluten content. However, HIDHAB (V1), PASTOR (V5), DGA/BJY//FA*2 (V6), F94048GA-2/DELABRAD (V7), HXL7579/*2BAU (V8), YANGMAI1/GEN/WOOO30 (V9), KAUZ/PASTOR (V11), RMADA (V13), ANFORETA (V14), and Anapo (V19) did not meet the acceptable minimum.
	Sedimentation value is one of the most essential ways for determining the amount and quality of protein, which is one of the most important quality parameters in wheat (Mut et al., 2017; Sirat, 2022). In this study, YANGMAI1/GEN/WOOO30 (V9) achieved the highest value (36.67 ± 1.15 mL), followed by KAUZ/PASTOR (V11) (34.67 ± 0.58 mL), while the lowest values were recorded for RMADA (V13) (22.17 ± 0.29 mL) and Anapo (V19) (22.33 ± 0.58 mL) (χ² = 55.02, p < 0.001). Notably, RMADA's (V13) high protein content did not correspond to high sedimentation values, suggesting differences in gluten quality composition. According to Kurt & Yagdi (2017), sedimentation values ranging from 20 to 39 mL indicate wheat with relatively low protein content, making them suitable for producing cookie flour, other specialty flours, or for blending with stronger wheat to produce standard wheat flour. In contrast, sedimentation values between 40 and 59 mL represent strong wheat, which is generally used in the production of bread flour. Based on these criteria, none of the 19 wheat varieties qualify as strong and, therefore, are not suitable for bread-making. The results indicate that all varieties fall within the 20–39 mL range, making them more suitable for cookie production or blending with stronger wheat rather than direct bread-making applications.
	Since flours intended for biscuit and cake production are typically characterized by low to medium protein content (7.9% to 9.7%) and moderate gluten strength—reflected in intermediate Zeleny sedimentation values (20.0–32.0 mL)—as these attributes limit gluten development and promote a soft, tender crumb (Ma & Baik, 2018; Sumnu & Sahin, 2019), the WIFAK (V17) and Anapo (V19) varieties appear particularly suitable for such applications, due to their lower protein content and favorable gluten properties. Thanks to these characteristics, they are likely to produce high-quality biscuits with desirable height, shape factor, specific volume, and crumb softness.
	Higher protein (11–12%) and gluten contents (8.5–11%) combined with weaker gluten strength are particularly desirable for chapati production, as they facilitate maximum dough sheeting without recoiling (Harisha et al., 2025). In this regard, the profiles of varieties AIN ABID (V2), ARZ (V3), PASTOR (V5), DJEMILA (V15), DJANATE (V16), and HD (V18), based on their respective protein, gluten levels, and Zeleny values suggest their potential suitability for chapati-making applications.
	For noodle production, flours are required to exhibit specific technological traits, including protein levels ranging from 10.68% to 13.94% (Iacovino et al., 2025), a high wet gluten content (> 29.35%), a gluten index above 90.06, and a swelling index of glutenin (SIG) greater than 5.06. These properties promote the aggregation of gluten proteins into macropolymers, resulting in a compact and cohesive gluten network in cooked noodles (Wang et al., 2025). However, none of the flours analyzed in the present study displayed a wet gluten content exceeding this critical threshold, indicating that the evaluated varieties are not suitable for noodle manufacturing.
	The rheological parameters exhibited considerable variation among the studied varieties. The parameter P, which reflects dough resistance to deformation and strength properties during the initial phase of deformation (Jødal & Larsen, 2021) showed considerable variation. KAUZ/PASTOR (V11) exhibited the highest dough tenacity (103.33 ± 3.06 mm H₂O) and strength (277.00 ± 2.00 × 10⁻⁴ J), followed by RMADA (V13) for tenacity (100.00 ± 2.00 mm H₂O) and HXL7579/*2BAU (V8) for strength (273.00 ± 3.00 × 10⁻⁴ J).
	Based on the classification from the literature, standard wheats are characterized by P values between 60- and 80-mm H₂O, which corresponds to our samples HIDHAB (V1), ARZ (V3), Ae-Squarrosa (Taus) Ben/4/Akla (V4), PASTOR (V5), DJEMILA (V15), ANFORETA (V14), and Anapo (V19). Very good grade wheats fall within the range of 80 to 100 mm H₂O, as observed in WIFAK (V17), RMADA (V13), YANGMAI1/GEN/WOOO30 (V9), HXL7579/2BAU (V8), F94048GA-2/DELABRAD (V7), DGA/BJY//FA2 (V6), and AIN ABID (V2). Extra-strong wheats, defined by P values exceeding 100 mm H₂O, are represented by KAUZ/PASTOR (V11) (Bordes et al., 2008). However, HD (V18), DJANATE (V16), ANZA (V12), and MNCH//2*I0800994, WIVEE (V10) did not reach the minimum threshold required to be classified as standard wheat.
	Strong wheat flours exhibit P/L ratios ranging from 0.61 to 1.20 and W values ranging from 201 to 400 (10–4 J) (Barros et al., 2022). Only PASTOR (V5) can be described as strong wheat flour among the 19 varieties tested, with a P/L value of 0.98% and a W value of 218 (10–4 J). Strong wheat is commonly used in breadmaking (Kurt & Yagdi, 2017). Since PASTOR (V5) is considered as strong wheat, its flour may be used to make bread.
	The elasticity index (Ie) value ranges from 25 to 75%, with 45 to 50% being ideal for bread-making flour and 50 to 55% being ideal for flour not destined for bread-making (Kitissou, 1995). ARZ (V3), DGA/BJY//FA*2 (V6), DJEMILA (V15), DJANATE (V16), WIFAK (V17), and HD (V18) exhibit Ie values ranging from 45% to 50%, indicating their suitability for breadmaking. Conversely, PASTOR (V5) and ANFORETA (V14), with Ie values between 50% and 55%, are more appropriate for other baked products.
	Initially, we concluded that only variety PASTOR (V5) was suitable for bread production due to its high W and P/L values. However, the elasticity index results challenge this conclusion. Similarly, other varieties previously deemed unsuitable for bread production, based on their W and P/L values, were classified as acceptable for bread-making based on their Ie values. Therefore, we can conclude that relying on a single parameter is inadequate for accurately predicting dough behavior.
	The discrepancy, between Figure 3A and Figure 3B, demonstrates the complexity of wheat quality relationships and explains why single-parameter assessment fails to predict end-use suitability. For instance, RMADA (V13) clusters differently when evaluated by composition versus rheological properties, highlighting that its high protein content (13.30%) does not translate to proportionally superior dough performance. This finding supports previous observations that protein quantity alone is insufficient for quality prediction (Kaushik et al., 2015).
	The clustering analysis endorses our earlier finding that no single variety met all bread-making criteria when assessed through integrated quality evaluation. The different clustering patterns between compositional and functional properties provide scientific evidence for the necessity of comprehensive quality assessment that includes both chemical composition and rheological testing, rather than relying solely on protein content or individual parameters.
	This multivariate approach reveals that wheat quality assessment requires integration of multiple parameters, as the relationship between composition and functionality is not straightforward. The clustering patterns support the development of targeted breeding strategies and blending approaches, where varieties can be selected based on their specific quality profiles rather than attempting to develop single varieties that excel in all parameters simultaneously.
	Study Limitations
	A potential limitation of this study is that the wheat varieties were not cultivated under identical environmental conditions, as they were sourced from different locations. Additionally, the anonymous nature of some samples restricts access to deeper historical or genetic background information, which could have provided further insights into the observed technological properties. As a result, factors such as soil composition, climate, and agronomic practices may have contributed to the variation observed in flour quality traits. Nonetheless, the broad sampling across diverse agro-ecological zones enhances the applicability of our findings and provides a valuable baseline for selecting and improving Algerian wheat germplasm.
	4 Conclusion 
	This study provides a characterization of nineteen Algerian bread wheat varieties, focusing on both compositional traits and rheological characteristics. Considerable variability was observed in protein content, gluten content and quality, as well as the alveographic parameters, reflecting the genetic diversity of the varieties. While none of the varieties fully met the stringent technological requirements for industrial bread or noodle production, several varieties exhibited promising dough strength and balanced tenacity/extensibility profiles, positioning them as potential candidates for future development. Other varieties, with lower rheological performance, may still hold potential for application in baked goods that require lower flour quality standards, such as biscuits, cakes, or traditional products.
	Although the immediate industrial suitability of the studied flours remains limited, the results highlight promising potential that can serve as a foundation for improvement strategies. As future perspectives, several strategies could be explored to improve the technological suitability of these local flours. This includes blending with higher-quality flours to reach the required functionality for bread making, or enrichment with vital gluten to enhance baking performance. Moreover, application-oriented testing on traditional and sweet baked goods could help identify the most appropriate uses based on the intrinsic properties of these wheat varieties.
	Ultimately, our findings offer a framework for leveraging local wheat resources in diverse end-use applications and for informing breeding programs aimed at enhancing national grain quality.
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		Background: Soft wheat (Triticum aestivum L.) constitutes the third most cultivated cereal crop in Algeria, following barley and durum wheat.

Aims: This study was conducted to perform a comparative evaluation of technological performance between local common wheat varieties and newly developed experimental lines. The primary objective was to assess the differences in their quality attributes and predict their potential suitability for a broader range of flour-based industrial applications.

Methods: Nineteen Algerian wheat samples, comprising 13 local varieties and 6 test lines, were milled and analyzed for their fundamental technological quality parameters. Flour characteristics, including protein content, gluten content, Zeleny sedimentation values, and Alveograph parameters were subjected to correlation analysis, multivariate statistics, and hierarchical clustering for comprehensive evaluation.

Results: The flour extraction rates ranged from 60.9% to 77.3%, with no significant statistical difference observed between the local varieties and test lines. Zeleny sedimentation values fluctuated between 22.17 and 34.67 mL, allowing for a quality classification spanning from medium to very good. The varieties exhibited a broad spectrum of technological quality, with dough strength values (W) ranging from 103 to 277 × 10⁻⁴ J. On average, the experimental lines demonstrated significantly higher W values, indicating superior dough strength compared to the local varieties. Based on the Tenacity/Extensibility ratio, five varieties were considered suitable for the milling sector, while six were identified as potentially ideal for bread-making. Furthermore, the test lines also exhibited higher tenacity, reinforcing their potential for stronger dough formulations. While thirteen varieties exhibited high protein content, and test lines displayed superior gluten quality, ten varieties did not meet the acceptable minimum standards for wet gluten, six failed for dry gluten, and fifteen were deficient in extensibility. However, no significant differences were observed between the local varieties and test lines in terms of extensibility and dough volume. 

Conclusions: Although none of the studied samples fully satisfied the stringent industrial specifications for premium bread or noodle production, several varieties displayed promising dough strength properties. The varieties with lower overall quality may still be suitable for less demanding applications, such as biscuits, cakes, or traditional local baked goods.

Keywords: Triticum aestivum L.; Flour Quality; Dough Rheology; Alveograph Testing.
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2 [bookmark: _Hlk202366091]INTRODUCTION

Wheat stands as a cornerstone of global food security, providing approximately 20% of total dietary calories and essential nutrients to over 35% of the world's population (Sirat, 2022; Chakrabarti-Bell et al., 2021). As the world's most widely cultivated cereal crop by area and second largest by production volume after maize, common wheat (Triticum aestivum L.) plays a critical role in meeting growing food demands. However, the quality characteristics of wheat varieties vary significantly across different growing regions and cultivars, making comprehensive quality assessment studies essential for optimizing agricultural productivity, ensuring food processing suitability, and maintaining nutritional standards in an era of increasing global food insecurity. 

Algeria faces a critical challenge in wheat self-sufficiency, with its growing population expected to exceed 50 million by 2030 (Bessaoud, 2018). Despite being a significant regional producer of durum wheat, the country remains heavily dependent on imports, which supply approximately 70% of its domestic common wheat consumption. This dependency has intensified in recent years, with annual wheat imports averaging 7.6 million metric tons over the past five years and reaching 8.1 million metric tons in the 2022–23 marketing year—a 25% increase from the previous year and 7% above the five-year average (FAO, 2022). While Algeria's 263 flour mills efficiently process these imports into flour domestically (Bessaoud, 2018), the quality variability of both imported and locally produced wheat presents ongoing challenges for consistent flour and baking performance. Understanding the quality characteristics of Algeria's domestic wheat varieties is therefore crucial for optimizing local production, reducing import dependency, and ensuring food security for the nation's growing population. 

Wheat quality assessment is fundamental to determining flour suitability for various baked goods, as the physicochemical properties of wheat directly influence the characteristics and processing behavior of the final products (Oikonomou et al., 2015; Tozatti et al., 2020). Critical quality parameters include protein content, gluten characteristics (wet and dry gluten), Zeleny sedimentation values, and rheological properties, which collectively determine flour performance in different baking applications (Rababah et al., 2019). Among the various analytical methods available, the alveograph test has emerged as a particularly valuable tool for evaluating bread-making quality, providing crucial insights into dough strength, extensibility, and overall technological potential of wheat varieties (Indrani et al., 2007; Jødal and Larsen, 2021). However, detailed comparative data on the technological quality of Algeria’s most widely grown wheat varieties are still scarce, making it difficult for breeders and millers to select the best varieties for specific end‐uses. 

Although several studies have been conducted on Algerian common wheat, they remain limited in scope and coverage. Most focus either on the molecular biodiversity of Saharan bread wheat (Bellatreche et al., 2019), the impact of climatic and environmental conditions on wheat production (Ouzani et al., 2025), or their suitability for bread making (Abbes et al., 2023). However, comprehensive comparative quality assessments that simultaneously evaluate both established local varieties and promising experimental breeding lines remain scarce in the literature. This knowledge gap is particularly significant given that many Algerian wheat genotypes are currently underutilized and often directed towards animal feed, representing a missed opportunity for valorization in human food applications. Additionally, the potential uses of these wheat resources beyond conventional bread making remain largely unexplored, limiting opportunities for product diversification and value addition in Algeria's wheat processing sector.

Given the critical importance of wheat quality assessment for optimizing domestic production, advancing breeding programs, and expanding processing applications, this study aimed to: (1) comprehensively evaluate the flour and dough quality of 19 common wheat varieties, including both established local varieties and experimental test lines, using standardized protocols for protein content, gluten parameters, Zeleny sedimentation, and alveograph analyses; (2) investigate interrelationships among quality traits through correlation and multivariate analyses to understand the underlying structure of quality variation; (3) compare quality performance between local varieties and test lines to assess breeding progress and identify superior genotypes; and (4) classify these varieties based on their technological properties to determine their suitability for different wheat flour-based applications and processing end-uses.

3 MATERIALS AND METHODS 

3.1 Sample Collection and Preparation

The study was conducted on 19 samples of Algerian common wheat (local varieties and lines under test) identified by simplified codes (V1 to V19) (Supplementary Table 1). The samples were obtained from the Institut Technique des Grandes Cultures (ITGC) located within Oued Smar, Algiers, in September 2013. The samples were then manually cleaned to remove all impurities (stones, insects, seeds of other species), weighed, and ground at the Soummam Mills Unit laboratory (ERIAD, Sidi Aïch, Béjaïa) using an experimental Brabender mill (Brabender Quadrumat® Senior, Duisburg, Germany).

3.2 Flours Characterizations

The resulting flour and bran were weighed to calculate the extraction rate, and then all flour samples were stored in airtight containers at a refrigeration temperature of 4 ± 1 °C until use. This was done to preserve their quality and prevent any contamination or moisture absorption that could affect the experimental. Samples were analyzed for moisture, protein content, gluten content, Zeleny sedimentation, and alveograph properties. Moisture content, gluten content, and Zeleny sedimentation were tested at the Soummam Mills Unit Laboratory (ERIAD Sidi Aich, Bejaia) using ISO 287, ISO 21415-3, and ISO 5529 methods, respectively. Protein content was analyzed using the Kjeldahl method, following the ISO 5983:1997 standard. 

The Chopin-Alveograph test was performed in the Molino Grani unit laboratory (Akbou, Bejaia) with the use of an alveograph (Chopin NG, Villeneuve-la-Garenne, France) following the ISO5530/4 1992 standard. The equivalent of 250 g of flour was combined with the requisite amount of salt water, and the resulting dough was sheeted to the desired thickness before being cut into discs and set aside to rest. The produced dough discs were then inflated with air pressure into bubbles until they ruptured. The pressure fluctuation inside the bubbles was automatically recorded in a graph, allowing the following alveograph characteristics to be measured: the dough strength (W), tenacity (P), extensibility (L), dough swelling (G), alveograph ratio (P/L), and elasticity index (Ie). 

3.3 Data Analysis

Descriptive statistics (mean ± standard deviation) were computed for each wheat flour variety across all selected parameters. Spearman correlation analyses were then performed twice: first on the full dataset to capture overall trait associations, and second within each variety category (local landraces vs. tested lines) to identify group‐specific relationships. Correlation matrices were visualized as heatmaps, highlighting both global and within‐group inter‐parameter patterns. To test for multivariate differences in flour and dough quality profiles between categories, a permutational multivariate analysis of variance (PERMANOVA) was carried out using the “adonis2” function from the vegan package (Oksanen et al., 2007). For univariate comparisons, each trait was subjected to the Kruskal–Wallis rank‐sum test to detect significant differences among varieties. Pairwise comparisons were performed to identify which specific variety pairs differed for each parameter using Dunn’s post‐hoc test with Bonferroni correction using the dunn.test package (Dinno, 2023). Finally, hierarchical clustering was conducted on the same set of flour and dough quality variables. Prior to clustering, variables were standardized (z‐score) using functions from the factoextra package (Kassambara & Mundt, 2017). A Euclidean distance matrix was computed, and Ward’s linkage method was applied to generate dendrograms that visually group varieties according to their biochemical and functional trait similarities. All analyses were performed in R statistical software (version 4.1.1; R Development Core Team, 2024). [bookmark: Table1]Table 1. Comparison of trait measurements between Local varieties and Test lines of wheat, showing means, standard deviations, ranges, and coefficients of variation (CV %). P-values shown represent post hoc test results adjusted using False Discovery Rate (FDR) correction

Local varieties 

Test Lines

Trait

Mean ± SD

Range

CV %

Mean ± SD

Range

CV %

p-value

Moisture content % 

15.90 ± 0.21

15.56–16.21

1.3

16.00 ± 0.37

15.29–16.46

2.3

0.291

ER %

71.31 ± 5.39

60.00–78.40

7.6

73.38 ± 1.68

70.00–76.80

2.3

0.097

Dry gluten %

8.51 ± 1.32

5.40–10.50

15.5

7.99 ± 0.48

7.00–9.00

6.0

0.106

Wet gluten %

24.17 ± 3.79

15.40–28.80

15.7

23.20 ± 1.81

20.00–26.80

7.8

1.000

Protein content (%)

11.13 ± 1.46

7.80–13.03

13.1

11.21 ± 0.59

9.70–12.04

5.3

0.783

Zeleny value (ml)

27.79 ± 3.63

22.00–34.00

13.0

31.21 ± 3.74

24.00–38.00

12.0

0.011

G (cm3)

20.25 ± 4.43

10.00–26.50

21.9

19.32 ± 1.37

16.90–22.00

7.1

0.332

Ie (%)

44.85 ± 15.74

0.00–64.20

35.1

50.50 ± 7.83

38.20–61.50

15.5

0.162

L(mm)

86.36 ± 34.63

33.00–144.00

40.1

75.75 ± 11.20

58.00–100.00

14.8

0.179

P (mmH2O)

68.15 ± 19.86

38.00–102.00

29.1

82.00 ± 16.35

46.00–106.00

19.9

0.022

P/L

1.03 ± 0.68

0.27–2.36

65.4

1.13 ± 0.32

0.50–1.57

28.4

0.551

W(10-4J)

169.58 ± 39.26

100.00–250.00

23.1

205.42 ± 51.42

115.00–279.00

25.0

0.022

Note: ER: Extraction Rate; CV: Coefficients of Variation; G: Dough Swelling; Ie: Elasticity Index; L: Extensibility; P: Tenacity; P/L: Alveograph Ratio; W: Dough Strength.  



4 RESULTS AND DISCUSSION

4.1 Overall Quality Parameter Distribution and Varietal Classification 

The comprehensive analysis of 19 wheat varieties revealed variation in flour and dough quality parameters, with significant differences observed between local varieties and test lines across multiple quality traits (PERMANOVA: F = 6.88, p = 0.008). Statistical analysis using permutation-based multivariate analysis of variance demonstrated that varietal origin significantly influenced the overall quality profile, accounting for 11.1% of the total variation among samples (Table 1, Supplementary Table 2).

Extraction Rate, Moisture Content, Protein Content and   Gluten Characteristics

Extraction rates showed considerable variation among individual varieties, though no significant difference was observed between local varieties and test lines overall (71.31 ± 5.39% vs. 73.38 ± 1.68%, p = 0.097). The higher coefficient of variation in local varieties (7.6%) compared to test lines (2.3%) indicates greater diversity within the local germplasm.  This pattern of higher variability in local varieties compared to test lines was observed across multiple traits, as illustrated in the distribution patterns shown in Figure 1. Moisture content remained consistently appropriate across all samples with minimal variation between groups (15.90 ± 0.21% vs. 16.00 ± 0.37%, p = 0.291), confirming proper grain conditioning prior to milling. The quality traits observed in the 19 Algerian wheat varieties reveal both similarities and notable contrasts when compared to varieties from local, Mediterranean, and global wheat-producing regions (Table 2).[bookmark: Figure1][image: ]

Figure 1. Violin plots comparing trait distributions between Local varieties (red) and Test lines (blue) of wheat

[bookmark: Table2]Table 2. Comparative quality parameters across global wheat-producing regions

Region

Protein 

%

Wet

Gluten 

%

Dry Gluten %

Zeleny mL

W, ×10⁻⁴J

P/L

L mm

P mm

G

Ie

References

Algeria

7.6–14.0

20.00–26.80

5.4–10.5

22–38

103–277

0.5–2.36

33.00–144.00

38.00–106

10–22.00

00–64.20

This study



9.20–12.18

20.27–32.88

<12

≤ 30

85–180

1.08–2.66

47.68–28.10

51.50–74.75

14.70–18.90

-

Abbes et al. (2023)

Mediterranean

10.7–14.4

-

-

-

178–262

0.41–1.23

68–138

55–95

-

-

Sakr et al. (2021), 

Iacovino et al. (2025),

 Karaduman et al. (2020) 

Iacovino et al. (2025) 

Blandino et al. (2016)

South Asia

10.5–16.5

19.41–41.77

6.7–16.5

164–422

-

-

-

-

-

-

Harisha et al. (2025)

Chapla et al. (2017)

East Asia

11.2–14.1

17.70–37.9

-

-

210–396

-

-

-

-

-

Wang et al. (2025)

 Hu et al. (2025)

America

12.8–15.1

-

-

-

301–509

0.5–2.6

33.03–67.8

55.50–

137.00

-

-

Hernández-Espinosa et al. (2018)  Barros et al. (2022)

Australia

5.67–13.20

-

-

-

-

-

-

-

-

-

Kelly et al. (2025)

Note: CV: Coefficients of Variation. 



Among these traits, protein content shows particularly marked variation, ranging from 7.60% to 14.03% in local varieties and from 9.70% to 12.04% in the test lines. While the mean values did not differ significantly (11.13 ± 1.46% vs. 11.21 ± 0.59%; p = 0.783), the broader distribution among local varieties reflects a greater variability, which aligns closely with ranges reported for international wheat (Karaduman et al., 2020; Iacovino et al., 2025). This suggests that local genotypes hold considerable potential in terms of protein concentration. In contrast, the test lines remained up to 20% lower, indicating a performance gap likely attributable to genetic background. 

Additional comparisons provide context for these findings (Table 2). Compared with Indian breeding lines (Harisha et al., 2025), the local varieties demonstrated protein levels up to 35% higher, while the test lines were generally comparable or slightly lower. Similarly, when measured against previous studies on Algerian wheat (Abbes et al., 2023), both groups showed an increase in protein content, with local varieties reaching up to 50% higher values, highlighting the influence of growing conditions and varietal potential.

Gluten-related parameters provide additional insights into the technological quality of the studied wheat varieties. Dry gluten content exhibited considerable variability, particularly among local varieties (CV = 15.5%) compared to test lines (CV = 6.0%). Local varieties showed a broader range (5.40–10.50%) than the test lines (7.00–9.00%), with no significant difference between group means (8.51 ± 1.32% vs. 7.99 ± 0.48%, p = 0.106). In terms of gluten content, neither group reached the levels typically observed in high-performing international varieties, reflecting their moderate classification (Harisha et al., 2025; Wang et al., 2025).

The Zeleny sedimentation index further supported these trends. Although a statistically significant difference was observed between local varieties and test lines (27.79 ± 3.63 ml vs. 31.21 ± 3.74 ml, p = 0.011) indicating superior gluten quality in the test lines (Figure 1), both groups showed lower values compared to the Indian genotype (Harisha et al., 2025). Local varieties remained largely consistent with national values or slightly superior, confirming their intermediate performance (Abbes et al., 2023).

Rheological properties

Alveograph analysis revealed significant differences in key rheological parameters between local varieties and test lines. Overall, the observed values align with a moderate gluten strength profile, supporting the previously observed trends. 

Dough tenacity was significantly higher in test lines compared to local varieties (82.00 ± 16.35 mm H₂O vs. 68.15 ± 19.86 mm H₂O, p = 0.022), indicating stronger gluten networks. This pattern was reinforced by dough strength (W) measurements, which similarly favored test lines (205.42 ± 51.42 × 10⁻⁴ J vs. 169.58 ± 39.26 × 10⁻⁴ J, p = 0.022). Both parameters suggest that test lines possess more robust gluten structures with potential of withstanding processing stress. In contrast, dough extensibility (L) showed high variability, particularly in local varieties (CV = 40.1% vs. 14.8%), though group means did not differ significantly (86.36 ± 34.63 mm vs. 75.75 ± 11.20 mm, p = 0.179). Gas production parameters (G) similarly showed no significant differences between groups (20.25 ± 4.43 cm³ vs. 19.32 ± 1.37 cm³, p = 0.332), indicating comparable fermentation potential despite differences in gluten strength.

When contextualized against regional studies, test lines approached Lebanese wheat ranges for most parameters (Sakr et al., 2021) and exceeded previous Algerian values by up to 34% (Abbes et al., 2023), while both groups remained below Brazilian wheats levels. These findings collectively indicate that while test lines demonstrate improved gluten strength and consistency compared to local varieties, both groups exhibit moderate rheological properties when compared to international wheat varieties.

4.2 [bookmark: _Toc98237720][bookmark: _Toc113275540]Inter-trait Correlations and Group-Specific Relationship Patterns

       Correlation analysis revealed significant relationships among quality parameters, with distinctly different patterns observed between local varieties and test lines (Figure 2). Local varieties demonstrated stronger protein-rheology associations and more complex trait interdependence, while test lines showed more selective correlations and independent parameter behavior. Strong positive correlations were consistently observed between protein content and Zeleny sedimentation value across both groups (Local: r = 0.75, Test lines: r = 0.71, both p < 0.001), confirming the fundamental relationship between protein quantity and gluten quality assessment. Similar to our findings, Sirat (2022) reported that the Zeleny sedimentation value primarily depends on protein content, reflecting the test's measurement of gluten protein behavior in acidic conditions. This consistent relationship across both genetic groups validates the use of Zeleny sedimentation as a reliable protein quality indicator regardless of varietal background.

The relationship between protein content and dough strength observed in the present study indicates that protein content influences rheological behavior differently between groups. Local varieties showed stronger correlations between protein and dough strength (W), suggesting that protein quantity more reliably predicts functional properties in this genetic background. This contrasts with findings reported by (Bordes et al. 2008), who found no correlation between protein content and alveograph parameters. The discrepancy may reflect differences in genetic diversity and environmental conditions, as the broader genetic base in our local varieties may have created stronger protein-functionality relationships than those observed in more uniform commercial varieties.

Moderate correlations were detected between alveograph parameters W and P in both groups (Local: r ≈ 0.52, Test lines: r ≈ 0.48, both p < 0.01), indicating consistent interdependence of dough strength and tenacity across genetic backgrounds. This finding aligns with results reported by Jødal and Larsen (2021), who demonstrated a strong correlation between P and W, attributing it to the mathematical derivation of W from the alveograph curve area, which is directly influenced by curve height (P).[image: ]

[bookmark: Figure2]Figure 2. Correlation matrices of wheat flour quality parameters for (A) local varieties and (B) test lines. Spearman correlation coefficients are displayed in each cell, with significance levels indicated by color intensity and asterisks (* p < 0.05; ** p < 0.01; *** p < 0.001)



Strong negative correlations were found between extensibility (L) and the P/L ratio across both groups (r < -0.6, p < 0.001), reflecting the inherent inverse mathematical relationship between these rheological parameters. This relationship indicates that as dough extensibility increases, the balance shifts toward lower tenacity relative to extensibility, which is critical for determining optimal dough handling characteristics and end-use applications.

The most notable differences between variety groups were observed in correlations involving protein parameters and rheological properties, where local varieties consistently showed stronger associations compared to test lines. This pattern suggests different underlying genetic mechanisms governing dough behavior between the groups, with local varieties demonstrating more integrated protein-functionality relationships while test lines exhibit more independent trait expression. Previous research by Živančev et al. (2021) demonstrated that genotype significantly influences trait relationships in wheat, with certain parameters being more genotype-dependent than others. The distinct correlation patterns observed between our groups support this concept and indicate that selection strategies should be tailored to the specific genetic architecture of each population type.

4.3 Quality-Based Classification and End-Use Suitability Assessment

Soft wheat flour is widely used in products like bread, pasta, cakes, and cookies. Beyond these traditional uses, it also serves in thickened sauces and, through malting, it can yield natural sweeteners, texturizers, and thickeners that enhance bread quality and diversify its food applications (Calvi et al., 2023; Khomych et al., 2020; Meenu et al., 2024). Depending on the intended end product, flour should meet specific requirements in terms of protein content and gluten strength (Table 3).

Individual variety analysis revealed significant differences among varieties for all measured parameters (Supplementary Table 2). For protein content, RMADA (V13) achieved the highest value (13.30 ± 0.66%), followed by ARZ (V3) (12.20 ± 0.07%) and AIN ABID (V2) (12.15 ± 0.12%), while Anapo (V19) exhibited the lowest protein content (7.80 ± 0.17%) (χ² = 51.81, p < 0.001). The protein content required for wheat to be suitable for bread making is above 11% (Mut et al., 2017). Based on this criterion,

varieties AIN ABID (V2), ARZ (V3), Ae-Squarrosa (Taus) Ben/4/Akla (V4), PASTOR (V5), DGA/BJY//FA*2 (V6), F94048GA-2/DELABRAD (V7), HXL7579/2BAU (V8), YANGMAI1/GEN/WOOO30 (V9), ANZA (V12), RMADA (V13), ANFORETA (V14), DJANATE (V16), and HD (V18) are considered the most potential for bread flour, as their protein content meets or exceeds the required threshold. However, HIDHAB (V1), MNCH//2I0800994, WIVEE (V10), KAUZ/PASTOR (V11), DJEMILA (V15), WIFAK (V17), and Anapo (V19) are deemed unsuitable for bread-making purposes due to their lower protein content.[bookmark: Table3]Table 3. Functional classification of Algerian wheat varieties

End-Use

Quality Requirements

Suitable Varieties

Bread

Protein > 11%,

Wet gluten > 24%,

Dry gluten > 8%

Zeleny 40 ml–59 mL,

P/L 0.61 to 1.20

W 201 to 400 (10–4 J),

Ie: 45% to 50%,

None met all criteria

Biscuits/Cakes

Protein 7.9–9.7%, 

Moderate gluten,

Zeleny 20.0–32.0 mL, L < 100 mm

Anapo, WIFAK

Chapati

Protein 11–12%, 

Dry gluten 8.5–11%,

 weaker gluten strength

AIN ABID, ARZ, PASTOR, DJEMILA, DJANATE, HD

Noodles

Wet gluten > 29.35%,

 Gluten index > 90,

 protein 10.68% to 13.94%, 

swelling index of glutenin (SIG) > 5.06

None met criteria

Blending

High tenacity + low tenacity

KAUZ/PASTOR (Extra-strong), 

Anza, HD, Djanat, MNCH//2*I0800994, WIVEE Inferior wheat)





In addition to protein content, wheat flour should have a minimum gluten level of 24% (wet) and 8% (dry). The higher the gluten level, the higher the quality of wheat flour for bread (Kaushik et al., 2015). Our results showed that dry gluten content followed a similar pattern to protein levels, with ANZA (V12) and HD (V18) showing the highest values (10.30 ± 0.20% and 10.20 ± 0.26%, respectively), while Anapo (V19) exhibited the lowest value (5.50 ± 0.10%) (χ² = 54.55, p < 0.001). Except for HIDHAB (V1), DGA/BJY//FA*2 (V6), F94048GA-2/DELABRAD (V7), HXL7579/*2BAU (V8), YANGMAI1/GEN/WOOO30 (V9), and Anapo (V19), all varieties achieved the minimum required levels of dry gluten.

The level of wet gluten is a major factor used in determining bread quality (Sirat, 2022). Values below 20% indicate soft wheat unsuitable for bread flour production. A range between 20% and 27% reflects low gluten strength, though often associated with higher protein content (Kurt & Yagdi, 2017). Wet gluten is generally considered high when it exceeds 27%, suggesting better suitability for bread-making applications (Sirat, 2022). According to these interpretations, only ANZA (V12) and HD (V18) may be categorized as high in wet gluten content. However, HIDHAB (V1), PASTOR (V5), DGA/BJY//FA*2 (V6), F94048GA-2/DELABRAD (V7), HXL7579/*2BAU (V8), YANGMAI1/GEN/WOOO30 (V9), KAUZ/PASTOR (V11), RMADA (V13), ANFORETA (V14), and Anapo (V19) did not meet the acceptable minimum.

Sedimentation value is one of the most essential ways for determining the amount and quality of protein, which is one of the most important quality parameters in wheat (Mut et al., 2017; Sirat, 2022). In this study, YANGMAI1/GEN/WOOO30 (V9) achieved the highest value (36.67 ± 1.15 mL), followed by KAUZ/PASTOR (V11) (34.67 ± 0.58 mL), while the lowest values were recorded for RMADA (V13) (22.17 ± 0.29 mL) and Anapo (V19) (22.33 ± 0.58 mL) (χ² = 55.02, p < 0.001). Notably, RMADA's (V13) high protein content did not correspond to high sedimentation values, suggesting differences in gluten quality composition. According to Kurt & Yagdi (2017), sedimentation values ranging from 20 to 39 mL indicate wheat with relatively low protein content, making them suitable for producing cookie flour, other specialty flours, or for blending with stronger wheat to produce standard wheat flour. In contrast, sedimentation values between 40 and 59 mL represent strong wheat, which is generally used in the production of bread flour. Based on these criteria, none of the 19 wheat varieties qualify as strong and, therefore, are not suitable for bread-making. The results indicate that all varieties fall within the 20–39 mL range, making them more suitable for cookie production or blending with stronger wheat rather than direct bread-making applications.

Since flours intended for biscuit and cake production are typically characterized by low to medium protein content (7.9% to 9.7%) and moderate gluten strength—reflected in intermediate Zeleny sedimentation values (20.0–32.0 mL)—as these attributes limit gluten development and promote a soft, tender crumb (Ma & Baik, 2018; Sumnu & Sahin, 2019), the WIFAK (V17) and Anapo (V19) varieties appear particularly suitable for such applications, due to their lower protein content and favorable gluten properties. Thanks to these characteristics, they are likely to produce high-quality biscuits with desirable height, shape factor, specific volume, and crumb softness.

Higher protein (11–12%) and gluten contents (8.5–11%) combined with weaker gluten strength are particularly desirable for chapati production, as they facilitate maximum dough sheeting without recoiling (Harisha et al., 2025). In this regard, the profiles of varieties AIN ABID (V2), ARZ (V3), PASTOR (V5), DJEMILA (V15), DJANATE (V16), and HD (V18), based on their respective protein, gluten levels, and Zeleny values suggest their potential suitability for chapati-making applications.

For noodle production, flours are required to exhibit specific technological traits, including protein levels ranging from 10.68% to 13.94% (Iacovino et al., 2025), a high wet gluten content (> 29.35%), a gluten index above 90.06, and a swelling index of glutenin (SIG) greater than 5.06. These properties promote the aggregation of gluten proteins into macropolymers, resulting in a compact and cohesive gluten network in cooked noodles (Wang et al., 2025). However, none of the flours analyzed in the present study displayed a wet gluten content exceeding this critical threshold, indicating that the evaluated varieties are not suitable for noodle manufacturing.

The rheological parameters exhibited considerable variation among the studied varieties. The parameter P, which reflects dough resistance to deformation and strength properties during the initial phase of deformation (Jødal & Larsen, 2021) showed considerable variation. KAUZ/PASTOR (V11) exhibited the highest dough tenacity (103.33 ± 3.06 mm H₂O) and strength (277.00 ± 2.00 × 10⁻⁴ J), followed by RMADA (V13) for tenacity (100.00 ± 2.00 mm H₂O) and HXL7579/*2BAU (V8) for strength (273.00 ± 3.00 × 10⁻⁴ J).

Based on the classification from the literature, standard wheats are characterized by P values between 60- and 80-mm H₂O, which corresponds to our samples HIDHAB (V1), ARZ (V3), Ae-Squarrosa (Taus) Ben/4/Akla (V4), PASTOR (V5), DJEMILA (V15), ANFORETA (V14), and Anapo (V19). Very good grade wheats fall within the range of 80 to 100 mm H₂O, as observed in WIFAK (V17), RMADA (V13), YANGMAI1/GEN/WOOO30 (V9), HXL7579/2BAU (V8), F94048GA-2/DELABRAD (V7), DGA/BJY//FA2 (V6), and AIN ABID (V2). Extra-strong wheats, defined by P values exceeding 100 mm H₂O, are represented by KAUZ/PASTOR (V11) (Bordes et al., 2008). However, HD (V18), DJANATE (V16), ANZA (V12), and MNCH//2*I0800994, WIVEE (V10) did not reach the minimum threshold required to be classified as standard wheat.

Strong wheat flours exhibit P/L ratios ranging from 0.61 to 1.20 and W values ranging from 201 to 400 (10–4 J) (Barros et al., 2022). Only PASTOR (V5) can be described as strong wheat flour among the 19 varieties tested, with a P/L value of 0.98% and a W value of 218 (10–4 J). Strong wheat is commonly used in breadmaking (Kurt & Yagdi, 2017). Since PASTOR (V5) is considered as strong wheat, its flour may be used to make bread.

The elasticity index (Ie) value ranges from 25 to 75%, with 45 to 50% being ideal for bread-making flour and 50 to 55% being ideal for flour not destined for bread-making (Kitissou, 1995). ARZ (V3), DGA/BJY//FA*2 (V6), DJEMILA (V15), DJANATE (V16), WIFAK (V17), and HD (V18) exhibit Ie values ranging from 45% to 50%, indicating their suitability for breadmaking. Conversely, PASTOR (V5) and ANFORETA (V14), with Ie values between 50% and 55%, are more appropriate for other baked products.

Initially, we concluded that only variety PASTOR (V5) was suitable for bread production due to its high W and P/L values. However, the elasticity index results challenge this conclusion. Similarly, other varieties previously deemed unsuitable for bread production, based on their W and P/L values, were classified as acceptable for bread-making based on their Ie values. Therefore, we can conclude that relying on a single parameter is inadequate for accurately predicting dough behavior.

The discrepancy, between Figure 3A and Figure 3B, demonstrates the complexity of wheat quality relationships and explains why single-parameter assessment fails to predict end-use suitability. For instance, RMADA (V13) clusters differently when evaluated by composition versus rheological properties, highlighting that its high protein content (13.30%) does not translate to proportionally superior dough performance. This finding supports previous observations that protein quantity alone is insufficient for quality prediction (Kaushik et al., 2015).

The clustering analysis endorses our earlier finding that no single variety met all bread-making criteria when assessed through integrated quality evaluation. The different clustering patterns between compositional and functional properties provide scientific evidence for the necessity of comprehensive quality assessment that includes both chemical composition and rheological testing, rather than relying solely on protein content or individual parameters.[image: Description : A diagram of a tree  AI-generated content may be incorrect.]

[bookmark: Figure3]Figure 3. Hierarchical clustering of 19 wheat varieties based on two distinct trait domains. (A) Rheological parameters: W (10⁻⁴ J), P (mm H₂O), L (mm), G (cm³), P/L ratio, and Ie (%). (B) Compositional quality traits: dry gluten (%), protein content (%), and Zeleny value (mL).



This multivariate approach reveals that wheat quality assessment requires integration of multiple parameters, as the relationship between composition and functionality is not straightforward. The clustering patterns support the development of targeted breeding strategies and blending approaches, where varieties can be selected based on their specific quality profiles rather than attempting to develop single varieties that excel in all parameters simultaneously.

Study Limitations

A potential limitation of this study is that the wheat varieties were not cultivated under identical environmental conditions, as they were sourced from different locations. Additionally, the anonymous nature of some samples restricts access to deeper historical or genetic background information, which could have provided further insights into the observed technological properties. As a result, factors such as soil composition, climate, and agronomic practices may have contributed to the variation observed in flour quality traits. Nonetheless, the broad sampling across diverse agro-ecological zones enhances the applicability of our findings and provides a valuable baseline for selecting and improving Algerian wheat germplasm.

5 CONCLUSION 

This study provides a characterization of nineteen Algerian bread wheat varieties, focusing on both compositional traits and rheological characteristics. Considerable variability was observed in protein content, gluten content and quality, as well as the alveographic parameters, reflecting the genetic diversity of the varieties. While none of the varieties fully met the stringent technological requirements for industrial bread or noodle production, several varieties exhibited promising dough strength and balanced tenacity/extensibility profiles, positioning them as potential candidates for future development. Other varieties, with lower rheological performance, may still hold potential for application in baked goods that require lower flour quality standards, such as biscuits, cakes, or traditional products.

Although the immediate industrial suitability of the studied flours remains limited, the results highlight promising potential that can serve as a foundation for improvement strategies. As future perspectives, several strategies could be explored to improve the technological suitability of these local flours. This includes blending with higher-quality flours to reach the required functionality for bread making, or enrichment with vital gluten to enhance baking performance. Moreover, application-oriented testing on traditional and sweet baked goods could help identify the most appropriate uses based on the intrinsic properties of these wheat varieties.

Ultimately, our findings offer a framework for leveraging local wheat resources in diverse end-use applications and for informing breeding programs aimed at enhancing national grain quality.
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