	[bookmark: _Hlk145068772][image: cetlogo] CHEMICAL ENGINEERING TRANSACTIONS 

VOL. xxx, 2026
	A publication of
[image: aidiclogo_grande]

	
	The Italian Association
of Chemical Engineering
Online at www.cetjournal.it

	Guest Editors: Flavio Manenti, Botir Usmonov, Alessandro Di Pretoro
Copyright © 2026, AIDIC Servizi S.r.l.
ISBN 979-12-81206-xx-x; ISSN 2283-9216


Development of Functional Pasta from Soft Wheat Flour Enriched with Soybean and Buckwheat Flours
Umid Azamatova*, Ermat sanayevb,  Gulnoza Djakhangirovab, Shokhrukh Bekmirzayeva,
[bookmark: _GoBack]a Department of Food Technologies, Yangiyer Branch of Tashkent Institute of Chemical Technology, 1 Tinchlik Street, Yangiyer, Sirdarya Region, 100021, Uzbekistan
b Department of Food and Perfumery-Cosmetic Products Technology, Tashkent Institute of Chemical Technology, Tashkent 100011, Uzbekistan
*umidazamatov03@gmail.com
The development of nutritionally enriched pasta using composite flours from cereal and legume sources is driven by the increasing demand for functional foods. Traditional wheat pasta is limited in essential amino acids and micronutrients; therefore, alternative plant-based ingredients are required. This study developed a composite flour based on wheat, buckwheat, and soybean to improve the nutritional and technological properties of pasta. The research evaluated the chemical composition of the flours, as well as their effect on dough rheology and pasta quality. Wheat flour provided the gluten structure, while soybean and buckwheat flours supplied protein, essential amino acids, dietary fiber, vitamins, and minerals. Buckwheat also has a low glycemic index and is gluten-free.
The optimal formulation was determined to be 85% wheat flour, 10% buckwheat flour, and 5% soybean flour. This ratio improved the amino acid balance and significantly increased the biological value of the product. The addition of 0.1% vitamin–mineral premix further enriched the product with B-group vitamins and essential microelements, such as iron, zinc, and iodine. Rheological analysis showed improved dough plasticity and reduced relaxation time, while extrusion efficiency increased by 10.0–10.8%. Sensory evaluation confirmed good product quality, including desirable color, taste, and texture, as well as no stickiness and high shape retention after cooking. The developed composite flour enhances both the biological value and technological properties of pasta, making it suitable for the industrial production of functional pasta products.
Introduction
The increasing demand for functional foods has driven significant research into improving the nutritional and biological value of cereal-based products, particularly pasta. Traditional pasta is mainly produced from refined durum wheat semolina, which provides desirable technological properties but is limited in essential amino acids, dietary fiber, and micronutrients (Sissons, 2008; Day, 2013). As a result, conventional pasta does not fully meet modern nutritional requirements, especially in populations with protein and micronutrient deficiencies.
To address these limitations, the incorporation of alternative plant-based ingredients such as legumes and pseudocereals has gained increasing attention. Legume flours, including soybean, pea, and lentil, are rich sources of high-quality proteins, lysine, and bioactive compounds, which significantly improve the amino acid balance of cereal-based foods (Foschia et al., 2015; Brennan et al., 2012). Similarly, pseudocereals such as buckwheat and quinoa provide dietary fiber, antioxidants, and minerals, while being naturally gluten-free (Bonafaccia et al., 2003; Alvarez-Jubete et al., 2010).
Composite flour technology has been widely investigated as an effective strategy to enhance both nutritional and functional properties of pasta products. According to Foschia et al. (2017), the addition of dietary fiber-rich ingredients improves the nutritional profile of cereal products, although it may also influence dough rheology and texture. Therefore, optimization of flour blending ratios is essential to maintain product quality while improving nutritional value.
Protein quality improvement is a key objective in pasta fortification. Studies have shown that blending wheat flour with legume proteins significantly increases the biological value and protein digestibility of the final product (Petitot et al., 2010; Shewry, 2011). In addition, Day (2013) emphasized that plant proteins are a sustainable alternative to animal proteins, contributing to global food security and health improvement.
The functional properties of pasta are strongly influenced by gluten network formation. The partial replacement of wheat flour with non-gluten ingredients affects dough elasticity, water absorption, and cooking quality (Sissons, 2016; Padalino et al., 2013). However, proper formulation can ensure acceptable sensory and technological properties while enhancing nutritional composition.
Micronutrient enrichment is another important aspect of functional pasta development. The World Health Organization (WHO, 2006) recommends food fortification strategies to address global deficiencies in iron, zinc, and vitamin B complex. Incorporation of vitamin-mineral premixes into pasta formulations has been shown to significantly improve nutritional intake without compromising product quality (Turfani et al., 2017).
Bioactive compounds present in legume and pseudocereal flours, such as phenolics and flavonoids, contribute to antioxidant activity and potential health benefits, including reduced risk of chronic diseases (Brennan et al., 2012; Alvarez-Jubete et al., 2010). These compounds also enhance the functional food properties of pasta products.
Rheological studies indicate that composite flour systems modify dough structure and extrusion behavior. The interaction between starch and proteins plays a crucial role in determining texture, firmness, and cooking stability (Petitot et al., 2010; Foschia et al., 2015). Optimization of these parameters is essential for industrial application.
In conclusion, the development of nutritionally enhanced pasta using composite flours from cereals, legumes, and pseudocereals represents a promising approach for producing functional foods with improved biological value, balanced amino acid composition, and enhanced micronutrient content. Such products align with current global trends in health-oriented nutrition and sustainable food production. The aim of this study was to evaluate the influence of the addition of buckwheat and soybean flour on the rheological properties, amino acid composition, and technological properties of composite flour intended for pasta production. The scientific novelty of the research is that an optimal composite recipe has been determined, consisting of wheat flour enriched with 10% buckwheat flour and 5% soy flour, which improves the amino acid balance and biological value of the product while maintaining optimal rheological and processing properties. This approach will serve as a scientific basis for developing nutritionally enriched pasta products using non-traditional grain raw materials.
Methods
Soybean and buckwheat flour were obtained from local raw material varieties grown in the Tashkent and Syrdarya regions of the Republic of Uzbekistan. This study was conducted at the Engineering Laboratory of the Tashkent Institute of Chemical Technology. Initially, the soybeans underwent forpressing, and the raw materials were ground on roller machines. In this study, a diaphanascope, glasses, an A1-ZSHM roller machine, flasks, a mixer, analytical scales, a drying cabinet, an extruder, and a Mixolab were used. While the materials used in this study were 12% fat soybean flour, whole ground buckwheat flour, a vitamin-mineral complex, and distilled water were used.
2.1 Method for determining a composite mixture through rheology
The rheological properties of wheat flour and composite flour samples were evaluated using a Mixolab analyzer. The test was performed to determine water absorption capacity, dough mixing behavior, gluten strength, viscosity, amylase activity, and starch retrogradation. During analysis, the dough was subjected to controlled mixing, heating, and cooling stages, which allowed the assessment of protein weakening, starch gelatinization, enzymatic activity, and starch retrogradation. The obtained results were expressed as Mixolab Profiler indices on a dimensionless 0–9 scale, where higher values indicate a stronger expression of the corresponding property.
2.2 Determination of amino acid composition
Isolation of free amino acids. The deposition of proteins and peptides from the aqueous extract of the specimens was carried out in centrifugal glasses. For this purpose, 1 ml (exact volume) of 20% TCUC was added to 1 ml of the test sample. After 10 minutes, the precipitate was separated by centrifugation at 8000 rpm for 15 minutes. Separating 0.1 ml of the supernatant, it was liophilically dried. The hydrolysate was evaporated, the dry residue was dissolved in a mixture of triethylamine-acetonitrile-water (1:7:1), and dried. This operation was repeated twice to neutralize the acid. Fenylthioisocyanate was used to produce phenylthiocarbamyl derivatives (PC) using (Cohen and Strydom, 1988) method. The identification of amino acid derivatives was performed using the HPLC method. HPLC conditions: Agilent Technologies 1200 chromatograph with DAD detector, 75x4.6 mm Discovery HS C18 column. A solution: 0.14M CH3COONa + 0.05% TEA, pH 6.4; B: CH3CN. Flow speed, 1.2 ml/min; absorption, 269 nm. Gradient, %B/min: 1-6%/0-2.5 min; 6-30%/2.51-40 min; 30-60%/40.1-45 min; 60-60%/45.1-50 min; 60-0%/50.
2.3 Method for determining relaxation and kneading
The structural-mechanical properties of the dough were determined using a structurometer in operating modes 1 and 5. Mode 1: Elastic deformations — determination of the movement value H1 at a load value of F=50 g, and recovery after loading H2 at an initial force F0=10 g, table movement speed V=30 mm/min, and final force F=150 g. Mode 5: Study of deformation kinetics — the initial force was F0=10 g, the table's movement continued until it was completely shattered, and the indicator recorded the force of the sample's decomposition and the movement value.(Yang et al., 2019)
Result and Discussion
An objective, comprehensive assessment of the quality of various grains and flour varieties based on them is also based on their rheological properties (Aguiar et al., 2021). A comparative assessment of the rheological properties of composite mixtures (using mixolab) was conducted. During the conducted research, the following indicators of the rheological properties of the dough were recorded for all studied samples.
Table 1: Profile indices of the mixolab.
	Flour samples
	Mixolab indices

	
	Water absorption capacity
	Dough mixing
	Gluten
	Viscosity
	Amylase
	Retrogradation of starch

	wheat flour-100%
	4
	5
	2
	2
	6
	6

	buckwheat flour -7%
soy flour-2%
	4
	5
	2
	2
	6
	6

	buckwheat flour-10%
soy flour 5%
	4
	5
	2
	2
	5
	6

	buckwheat flour - 13%
soy flour - 8%
	4
	5
	1
	2
	5
	6

	buckwheat flour - 16%
soy flour - 11%
	4
	4
	1
	1
	5
	6

	buckwheat flour - 19%
soy flour - 13%
	5
	4
	1
	1
	4
	6



Mixolab indices are dimensionless scores expressed on a 0–9 scale. Higher values indicate stronger expression of the corresponding rheological or enzymatic property: higher water absorption, higher dough stability during mixing, higher gluten resistance to heating, higher viscosity during heating, lower amylase activity, and greater starch retrogradation tendency. The results obtained showed that the profile indices of mixolab in composite mixtures containing 10% buckwheat and 5% soybean flour are higher than in other samples. The results of the study showed that the stirring time decreases with an increase in the proportion of buckwheat and soybean flour in the composite mixture. That is, an increase in the "Water Absorption Index" was observed as the amount of buckwheat flour in the composite mixture increased. The amylase index decreased. This is explained by the fact that the velvet content of buckwheat flour contains 3 times more amylopectin than amylase (Coțovanu, I and Mironeasa, S.,2021). The gluten index began to deteriorate after the application of 10% buckwheat flour and 5% soybean flour, which can be explained by the absence of gluten-forming proteins in these flours.( Aguiar et al., 2021; Filipčev et al., 2021). The experimental results showed that adding 10% and 5% of buckwheat and soybean flour to wheat flour does not affect the rheological properties of the dough.
To increase the biological value of pasta products, the use of grain raw materials with a high amino acid content remains the most optimal method(Akhter et al., 2026). For this reason, it was established in subsequent studies that the identified composition improved the amino acid composition of the product.
 [image: ]
Figure 1 The Influence of Solvent Amount on the Extract Produced.
The chromatogram presents the HPLC-DAD profile of the analyzed sample recorded at 260.4 nm. Several peaks were detected at different retention times, indicating the presence of multiple chemical compounds in the sample. The most intense peaks were observed around 7-12 min and 20-21 min, suggesting that these compounds are the dominant components. Smaller peaks at later retention times show the presence of minor constituents. Overall, the chromatographic profile demonstrates the complex composition of the sample. The results obtained were analyzed in comparison with products made from wheat itself. The results obtained were analyzed in comparison with products made from wheat itself. 
Table 2: Amount of amino acid content in composite flour.
	Name of amino acid
	Composite  mg/g
	Control sample mg/g

	Asparagine test
	20.77
	16.48

	Glutamine tablets
	13
	11.13

	Serine
	3.14
	1.120

	Glycine
	25.45
	15.45

	Asparagine
	0.000
	0.000

	Glutamine
	0.000
	0.000

	Cysteine
	1.883
	1.778

	Treonine
	4.818
	3.545

	Argenin
	1.202
	0.656

	Alanine
	14.58
	8.484

	Proline
	19.38
	18.95

	Tyrosine
	3.115
	3.005

	Valine
	2.253
	1.256

	Metionine
	0.334
	0.125

	Histidine
	2.181
	1.959

	Isoleucine
	3.493
	1.325

	Leucine
	7.443
	3.684

	Tryptophan
	0.000
	0.000

	Phenylalanine
	10
	10.54

	Lysine
	0.503
	0.121

	Total
	133.5
	101.6





























Based on the study, it was established that buckwheat and soybean flour improve the biological value and the amino acid balance.
The elastic and plastic properties of the dough ensure the process of relaxation-that is, the reduction and smoothing of internal stresses arising in the dough during deformation during the formation process.(Zhang et al., 2024) The longer the relaxation process lasts, the more pronounced the elastic properties of the test mass become.(Lyu et al., 2023).


Figure 2. Relaxation time.

It was established that the relaxation time of the composite mixture dough is 2 minutes 30 seconds, which is 19-22% lower than the control sample values. This indicates that the dough made from the composite mixture possesses high plasticity. Such a relaxation time indicator for dough made from a composite mixture is associated with a decrease in the mass fraction of gluten proteins in wheat flour.
Conclusions
The results of this study confirm that enriching wheat pasta with 10% buckwheat and 5% soybean flour significantly improves its nutritional quality while preserving acceptable technological properties. The total amino acid content increased from 101.637 mg/g in the control sample to 133.566 mg/g in the composite sample, indicating a substantial enhancement in biological value. Essential amino acids such as lysine increased from 0.121 to 0.503 mg/g, and leucine from 3.684 to 7.443 mg/g. The dough relaxation time decreased by 19–22% to 2 minutes 30 seconds, reflecting improved plasticity. Thus, the selected formulation ensures both enhanced nutrition and stable processing characteristics.
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