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Textural characterization of Protein and Fibre enriched Okara Cookies Incorporated with Hydrocolloid and Fat Replacer 


ABSTRACT
This study explores the potential of okara flour, a nutrient-rich by-product of soybean processing, as a sustainable ingredient for developing protein- and fiber-enriched cookies while maintaining desirable quality attributes. Cookies were formulated using okara flour (50%) and evaluated through physical, proximate, bioactive, instrumental textural, and sensory analyses, with additional modifications using fat replacers (maltodextrin and polydextrose at 0–30%) and hydrocolloids (guar gum, xanthan gum, and their blends) to improve product performance. Characterization of okara confirmed its high protein (31.93%), fiber (11.17%), and antioxidant content, supporting its functional value. Cookies containing 50% okara flour achieved significant protein enrichment but exhibited a softer texture and lower sensory scores, mainly due to beany flavour and changes in dough structure. Incorporation of fat replacers showed that moderate fat substitution up to 20% improved cookie spread, texture, and overall acceptability, while higher levels adversely affected hardness and flavour. Further optimization with hydrocolloids demonstrated that a 1% guar–xanthan gum blend (1:1) provided the best balance of dough handling, texture, and sensory quality, resulting in the highest consumer acceptance. Overall, the findings indicate that careful use of fat replacers and hydrocolloids can successfully offset the technological challenges of okara incorporation, enabling the development of nutritionally enhanced cookies with acceptable sensory quality and promoting the effective utilization of this sustainable food by-product.
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1. INTRODUCTION
India is experiencing rapid lifestyle changes, increased urbanization, and a higher demand for convenient food products. These changes have significantly altered dietary patterns in the country. The bakery sector, which has been part of Indian food culture for a long time, is growing quickly. However, many bakery products are high in fat and sugar but low in protein. These nutritional shortcomings contribute to rising health problems such as malnutrition, obesity, diabetes, and hypertension (Jagdale et al., 2023). People often choose bakery foods because they taste good, rather than for their nutritional value. This preference further worsens health issues. Additionally, bakery products are popular in India among all socio-economic groups because they are affordable and convenient (Das and Das, 2024). Cookies, as a major bakery product segment, are valued for their sensory diversity, shelf stability, and ease of fortification with functional ingredients (de Oliveira Raphaelli et al., 2025). Their adaptability to vegetarian formulations makes them a strategic vehicle for addressing nutritional gaps, especially among populations with limited access to diverse diets. As a result, there is escalating interest in cost-effective nutrient enrichment strategies within this sector. The growing need for nutritious and cost-effective food ingredients has driven interest in okara, a by-product of soy milk production. Okara is rich in protein and fiber but currently underused and often discarded (Pešić et al., 2023). Dried and powdered okara contains about 25% protein and 50% dietary fiber (Li et al., 2012). Using okara to partly replace wheat flour in bakery products can improve their nutritional value. Studies show that substituting up to 30% wheat flour with okara in cookies and up to 10% in bread increases protein and fiber levels in the final products (Čech et al., 2022; Momin et al., 2020). This process also helps reduce food waste and supports more sustainable food production. However, the widespread use of okara is limited by its tendency to alter the texture and flavour of baked goods, often making them harder and less acceptable to consumers.
The primary barrier in incorporation of okara is its impact on texture, the increased protein and fiber tend to create harder and less palatable cookies (Aussanasuwannakul et al., 2022).Although increasing fat content can soften texture, it conflicts with nutritional improvement goals. Alternatively, fat replacers such as inulin, polydextrose, and specific gums have been investigated. These compounds partially or wholly replace traditional fats, replicating fat’s mouthfeel and tenderness while reducing caloric and saturated fat content, thereby maintaining healthier product profiles. In addition to fat replacers, hydrocolloids, high-molecular-weight substances like guar gum, xanthan gum, and maltodextrins, plays a crucial role in further enhancing the texture and shelf life of bakery products (Yemenicioğlu et al., 2020; Mir et al., 2016). Hydrocolloids can modify dough rheology and increase water retention, helping to counteract the hardening effect associated with high protein and fiber content rich ingredients (Salehi, 2020). Combining fat replacers with hydrocolloids offers a synergistic approach to optimize the texture and sensory qualities of these nutritionally enhanced products.
To evaluate these modifications objectively and holistically, both instrumental and sensory methods are essential. Instrumental techniques like texture profile analysis (TPA) provide quantitative measurements of hardness, cohesiveness, chewiness, adhesiveness, and springiness, directly reflecting changes due to ingredients and processing parameters in bakery dough and final baked products. For instance, increases in hardness detected by TPA correlate with sensory perceptions of firmness. Simultaneously, sensory evaluation by trained panels or consumer testing assesses subjective qualities such as mouthfeel, tenderness, crispiness, and overall acceptability, capturing consumer acceptance of texture modifications. Studies have demonstrated that combining instrumental texture data with sensory analysis effectively characterizes the impact of various ingredients on okara cookie quality, guiding formulation adjustments to achieve balanced nutrition and desirable eating qualities (Liu et al., 2021). Thus, instrumental and sensory evaluations complement each other: instrumental methods offer reproducible, quantifiable texture metrics, while sensory testing ensures that texture improvements translate into consumer-preferred products. This integrated approach is critical for developing various bakery products that maintain nutritional improvements without compromising consumer acceptance, fulfilling the goals of sustainable and functional bakery product development.
Considering these factors such as demand for nutritious and affordable bakery products, underutilization of okara despite its high protein and fiber content, and the technical difficulties in its application, this study systematically evaluates the impact of okara incorporation on cookie texture, focusing on the functional roles of hydrocolloids and fat replacers. Instrumental texture profile analysis (measuring hardness, cohesiveness, and chewiness) alongside sensory evaluation by trained panels (assessing mouthfeel, texture preference, and overall acceptability) was employed to comprehensively assess product quality. The objective is to develop sustainable, protein-fortified cookies with acceptable sensory attributes, thus contributing to healthier functional bakery products for consumers.
2. MATERIAL AND METHODS
Soybean seeds (variety PS 1437) were obtained from the Department of Plant Breeding and Genetics, G.B. Pant University of Agriculture and Technology (GBPUAT), Pantnagar. The seeds were cleaned and carefully sorted to eliminate impurities and damaged grains prior to processing. Additional experimental ingredients, including refined wheat flour, sugar, baking powder, baking soda and groundnut oil were procured from local markets in Pantnagar. Maltodextrin and polydextrose were sourced from Profoods Nutrition, and Japtose’s, respectively. Guar gum and xanthan gum were purchased from Urban Platter. All materials were stored in airtight containers at ambient room temperature until further use.
2.1. PREPARATION OF COOKIES
Soybean seeds were soaked overnight in potable water at ambient temperature. The soaked seeds were drained to remove excess water and ground in a commercial grinder (Sanco Bullet 1600) with the addition of potable water in a ratio of 1:8. Grinding was carried out 4–5 times, with short pauses between cycles to allow solids to settle and ensure uniform slurry formation. The resulting slurry was boiled for 2–3 minutes at 100 °C, cooled, and filtered through a muslin cloth to separate the okara (soybean residue) from the soy milk. The obtained okara was dried in a tray drier at 70 °C to constant weight. The dried okara was then milled into a fine powder for subsequent yield determination and quality analysis.
	Cookies were prepared using a standardized formulation. Sugar (20 %) and fat (22%) were first creamed for 2–3 min. Refined wheat flour anddry okara flour in a ratio of 50:50 (57%), and baking powder (1%) were mixed, sieved, and incorporated into the creamed mixture. The ingredients were blended manually for an additional 2–3 min, with water added only as required to produce a uniform dough. The dough was covered with a wet muslin cloth and rested at ambient temperature for 20 min to prevent moisture loss. It was then sheeted to a uniform thickness of 5 mm, and cookies of 4 cm diameter were cut using a cookie cutter. The cookies were baked in a preheated oven at 180 °C for 15 min, cooled under a fan for approximately 30 min, and stored in airtight containers for subsequent analysis. Fat replacer optimization was carried out by partially substituting fat with maltodextrin and polydextrose (0, 10, 15, 20, 25 and 30 %). In the subsequent phase, hydrocolloids (guar gum, xanthan gum, and their combination) were incorporated at different substitution levels (0, 0.5, 1.0 and 1.5 %) to improve cookie texture.
2.2. PROXIMATE ANALYSIS
Proximate composition of the raw material and developed cookies was determined using standard analytical methods (AOAC, 2023). Protein content was measured by determining total nitrogen via the Kjeldahl method, employing a Digestion Block and a semiautomatic Distiller, and applying a conversion factor of 6.25 (AOAC 991.22). Fat content was assessed using Soxhlet extraction (AOAC 945.39). Moisture content was determined by the gravimetric method (AOAC 925.10). Ash content was obtained by incineration (AOAC 945.46), and carbohydrate content was estimated by difference in weight.
2.3. PHYSICAL PROPERTIES
The physical properties of okara cookies, including diameter (mm), thickness (mm), spread ratio, and hardness were evaluated. Diameter and thickness were measured using a digital vernier calliper, while the spread ratio was calculated as the ratio of diameter (D) to thickness (T). Measurements were conducted on ten cookie samples to determine these physical characteristics.
2.4. TEXTURAL PROPERTIES
The textural properties of okara cookies were evaluated using a texture analyzer (TAXT 2i, Stable Micro Systems, UK). A breaking test was performed to determine cookie hardness. For each measurement, an individual cookie was placed over two support points and tested using a P/2 cylindrical probe (2 mm diameter). The sequence title was set to Return to Start, with the test mode in compression and a trigger force of 5 g. Target mode was set to a distance of 3 mm and the texture analyzer was operated under the following settings with pre-test, test, and post-test speeds of 10 mm/s, 0.50 mm/s, and 10.00 mm/s, respectively. The peak force from the force–distance curve was recorded as the breaking hardness, expressed as the maximum force in kg (Rojo-Poveda et al., 2020).
2.5. SENSORY EVALUATION
Sensory evaluation was conducted using a panel of 10 members selected from faculty, students and staff from Department of Food Science and Technology, College of Agriculture, GBPUAT. Samples were coded with three-digit random numbers and presented to panelists, who were briefed on the evaluation procedure. Attributes assessed included texture, first bite, taste, after taste, curst colour and overall acceptability. Evaluation was carried out using a nine-point hedonic scale: 9 = like extremely, 8 = like very much, 7 = like moderately, 6 = like slightly, 5 = neither like nor dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike very much, and 1 = dislike extremely (BIS, 1971).
2.6. STATISTICAL ANALYSIS
Results were expressed as the mean of triplicate analyses. Data obtained from Completely Randomized Design (CRD) and Randomized Block Design (RBD) experiments were analyzed using the OPSTAT software. Two-way analysis of variance (ANOVA) was performed to assess the significance of differences among mean values at the 0.05 significance level. All statistical analyses were conducted using OPSTAT, an online statistical tool widely employed in agricultural research.
3. RESULTS AND DISCUSSION
3.1. PROXIMATE AND FUNCTIONAL PROPERTIES OF OKARA FLOUR AND OKARA-BASED COOKIES
The proximate and functional characterization of okara flour in the present study demonstrates its significant nutritional and technological potential as a functional ingredient (Table 1). The high protein content (31.93 ± 0.65%) observed is consistent with previously reported values for dry okara ranging from 25% to 33% on a dry basis depending on processing conditions (Suzuki & Banna, 2020; Guimarães et al., 2020). The crude fiber content obtained in this study (11.17 ± 0.24%) is lower than the highest reported ranges of 40–60% insoluble fiber, which may be attributed to differences in processing methods and measurement on a wet versus dry weight basis; nonetheless, it remains substantially higher than that of refined wheat flour, confirming its value in dietary fiber enrichment (Asghar et al., 2023; Li et al., 2012). The low moisture content of dry okara flour (5.18%) contributes to its microbiological stability and makes it a suitable commodity for extended storage and industrial application, addressing the major limitations posed by fresh okara’s high moisture (~80%) and perishability. Functionally, the highwater holding capacity (3.83 ml/g) and emulsification activity (3.92 g⁻¹) measured in the present study are in agreement with literature indicating that the protein–fiber matrix of okara confers strong hydration and fat-binding capacities, properties that can enhance dough handling and improve bakery product quality(Santos et al., 2019). Additionally, the bioactive profile, including a total phenolic content of ~78 mg GAE/100 g and antioxidant activity with a DPPH IC₅₀ value of ~7.5 mg/ml, aligns with earlier reports on okara’s contribution to the health-promoting characteristics of food formulations. Collectively, these results and supporting literature evidence reinforce the potential of dry okara flour as a nutritionally rich, functionally versatile, and sustainable ingredient for food product development (Ricarte et al., 2024). The substantial total phenolic content (77.82 ± 1.32 mg GAE/100 g) and antioxidant activity (IC₅₀ = 7.49 mg/mL) of dry okara further emphasize its value in enhancing the functional and health-promoting properties of fortified cookies. These bioactive compounds, though partially reduced during drying, compare favorably with values reported elsewhere for okara flour and contribute to antioxidant potential in bakery products.
Incorporation of 50% okara flour into cookie formulations led to a marked increase in protein content (12.78 ± 0.31%) compared to control cookies made with refined wheat flour alone (6.84 ± 0.64%), representing approximately a two-fold enrichment. The high protein in okara, derived from soybean residues, acts as an effective plant-based fortificant, thus elevating the nutritional quality of the cookies (Hawa et al., 2018). The rise in protein content with okara addition also impacts dough properties and cookie texture by modifying hydration and structural characteristics, further correlating the proximate composition changes with functional improvements in the bakery product. From a physical standpoint, cookies with 50% dry okara substitution exhibited a reduced diameter and thickness but a notably increased spread ratio (5.52) as compared to control (3.74). The higher protein alters dough rheology through enhanced elasticity and water retention, restricting vertical rise (thickness) while promoting lateral expansion (spread ratio). This observation is consistent with previous reports that protein influence gluten matrix formation and gas retention, thereby modifying baked product dimensions and texture (Park et al., 2015). Instrumental texture measurements indicated a increase in hardness at 50% okara substitution (2.44 ± 0.30 kg-force) in comparison to control cookies (2.00 ± 0.30 kg-force), suggesting a harder baked matrix. However, sensory texture scores declined slightly from 7.33 to 7.17 at partial substitution levels, indicating that the increased hardness was not favorably perceived by panelists. This increase in hardness is attributed to the higher protein content from okara, which strengthens the dough matrix through enhanced protein–protein interactions, resulting in a firmer and denser cookie structure (Park et al., 2015; Ahmed et al., 2019). Moderateokara addition can increase hardness due to fiber-protein matrix strengthening (Ahmed et al., 2019), whereas a very high substitution levels (above 50%) tend to soften products by diluting gluten and altering dough rheology (Petrović et al., 2016). The other sensory attributes, including taste (7.00), crust colour (7.50), and overall acceptability (7.22) were also significantly diminished in the 50% okara cookies as compared to control samples. The darker crust colour corresponds to Maillard reaction intensification due to elevated amino acids from higher protein levels (Ibadullah et al., 2024). Additionally, the characteristic beany flavour and fibrous texture inherent to okara likely contributed to reduced palatability, consistent with previous findings. Such sensory changes underscore the necessity for balancing okara inclusion to optimize nutritional benefits without compromising consumer acceptance (Ismail et al., 2024).
The sensory and textural limitations observed at higher levels of okara substitution highlight the need for targeted formulation strategies to improve cookie quality without compromising nutritional value. Although okara offers significant nutritional advantages due to its high protein and fiber content, these components can alter dough rheology by increasing water absorption, weakening the gluten network, and intensifying beany flavour, thereby reducing consumer acceptability. The incorporation of fat replacers can help restore the mouthfeel, lubricity, and flavour perception normally provided by fats, while hydrocolloids contribute to improved dough cohesion, moisture control, and structural stability during baking. Together, these functional ingredients can counteract the adverse effects of high okara incorporation, enhancing cookie spread, texture, and sensory attributes, and enabling the development of nutritionally enriched products with acceptable eating quality.
Table 1. Proximate, Functional, Bioactive, Physical, and Sensory Properties of Dry Okara Flour, Control Cookies, and Cookies with 50% Dry Okara Substitution
	Property
	Dry Okara Flour
	Refine wheat flour cookies (Control)
	Optimized Okara Cookies (50% Okara flour)

	Proximate Composition (%)

	Moisture
	5.18 ± 0.21
	5.84±0.15
	4.90 ± 0.10

	Protein
	31.93 ± 0.65
	6.84 ± 0.64
	12.70 ± 0.31

	Fat
	6.53 ± 0.29
	22.20 ± 0.50
	24.22 ± 0.60

	Ash
	3.41 ± 0.26
	0.30 ± 0.05
	1.12 ± 0.10

	Crude Fiber
	11.17 ± 0.24
	0.50 ± 0.10
	3.75 ± 0.20

	Carbohydrate
	41.78 ± 0.98
	64.32 ± 0.70
	53.31 ± 0.50

	Functional Properties

	Water Holding Capacity (ml/g)
	3.83 ± 0.28
	-
	-

	Lipid Holding Capacity (ml/g)
	1.00 ± 0.10
	-
	-

	Emulsification Activity (g-1)
	3.92 ± 0.13
	-
	-

	Bioactive Components

	Total Phenolic Content (mg/100g GAE)
	77.82 ± 1.32
	-
	-

	Antioxidant (DPPH IC50 mg/ml)
	7.49
	-
	-

	Cookies Physical & Sensory

	Diameter (cm)
	-
	4.03 ± 0.04
	3.99 ± 0.04

	Thickness (cm)
	-
	1.08 ± 0.03
	0.72 ± 0.02

	Spread Ratio
	-
	3.74 ± 0.16
	5.52 ± 0.35

	Hardness (kg)
	-
	2.00 ± 0.30
	2.44 ± 0.30

	Sensory Texture Score
	-
	7.33 
	7.17 

	Taste 
	-
	8.17
	7.00

	Crust colour
	-
	7.00
	7.50

	Overall Acceptability Score
	-
	7.50 
	7.22



3.2 EFFECT OF FAT REPLACER ON TEXTURAL QUALITY OF OKARA-ENRICHED PROTEIN COOKIES
Table 2 presents the effect of substituting fat with maltodextrin and polydextrose at levels of 0, 10, 15, 20, 25 and 30 % on the physical, textural, and sensory properties of okara-incorporated cookies, with superscript letters indicating significant differences (p < 0.05). The introduction of fat substitutes caused an initial rise in cookie diameter for both replacers. Maltodextrin increased from 4.13 cm at 10% to a peak of 4.14 cm at 20%, while polydextrose rose from 4.05 cm to 4.07 cm over the same range. Beyond 20%, diameters declined slightly, reaching 4.13 cm and 4.11 cm for maltodextrin and 4.06 cm and 4.04 cm for polydextrose at 25% and 30%, respectively. The increase up to 20% is attributed to reduced shortening and the strong water-binding capacity of okara fiber and hydrophilic fat replacers, which weaken the gluten network, lower dough viscosity, and promote lateral spread (Samakradhamrongthai et al., 2022). The slight decline at higher levels likely results from excessive water absorption by the combined fiber and replacer, creating an overly hydrated yet more elastic dough with tightly bound water that limits gelatinization and spread (Shinde et al., 2025). Maltodextrin gave marginally larger diameters than polydextrose due to its intermediate molecular weight and starch-based structure, which can form weak gels that delay crumb setting and allow more spread, whereas polydextrose’s lower viscosity and minimal gelation shorten this window. Cookie thickness remained virtually unchanged across all fat substitution levels, ranging from 0.71–0.74 cm for maltodextrin and 0.72–0.74 cm for polydextrose. This narrow variation, despite noticeable changes in diameter, indicates that fat replacement mainly influenced lateral spread rather than vertical expansion. Thickness in cookies is governed by structure setting, leavening, and gas retention, which are less affected by fat reduction in a low‑moisture system. Even at higher substitution levels, increased dough cohesiveness from bound water has counterbalanced the potential increase in height, explaining the uniform thickness (Colla et al., 2018). The spread ratio increased from 5.52 in the control to a maximum of 5.87 at 20% maltodextrin substitution and 5.67 at 25% polydextrose, before slightly decreasing to 5.76 and 5.48 at 25% maltodextrin and 30% polydextrose, respectively. This trend closely mirrors the changes in diameter, which also rose with increasing fat substitution up to 15–20% and then declined slightly at higher levels. The increase in spread ratio directly parallels the rise in diameter, resulting from reduced fat lubrication and the water‑binding action of okara fiber and carbohydrate‑based fat replacers. The subsequent slight decline coincides with the modest reduction in diameter, probably due to excessive water absorption that increases dough elasticity and limits spread, while thickness remains essentially constant. Hardness increased progressively with fat substitution, from 2.44 kg-force in the control to 13.77 kg-force at 30% maltodextrin and 10.07 kg-force at 30% polydextrose, with the most pronounced rise occurring beyond 15% replacement. This trend indicates the loss of fat’s softening and lubricating effects, which normally prevent excessive gluten tightening and help maintain a soft crumb. The reduced shortening, combined with the water‑binding capacity of okara fibre and hydrophilic fat replacers, promotes stronger protein–starch interactions and denser structural setting during baking. The sharper increase in maltodextrin samples may be due to its higher water‑binding potential compared with polydextrose, resulting in lower moisture availability for plasticizing the crumb and thereby producing a firmer texture (Kumar and Sudha, 2021).
The texture sensory score for okara incorporated cookies increased from 7.17 in the control to 7.50 and 7.00 at 20% fat substitution with maltodextrin and polydextrose, respectively, indicating that moderate fat replacement did not adversely affected mouthfeel of the cookies. This stability arises because residual fat content combined with sufficient free moisture helps in maintaining tenderness and crispness of cookies. However, at 30% substitution, texture scores declined sharply to 3.83 and 3.50, respectively, reflecting a harder and drier bite. This deterioration is attributed to the combined effects of reduced fat lubrication and the high water-binding capacity of okara fiber and hydrophilic fat replacers, which increase dough density and rigidity. These changes lead to a firmer, less tender structure that negatively impacts sensory texture, consistent with findings that excessive fiber and fat replacement stiffen the cookie matrix and reduce palatability (Ismail et al., 2024). First-bite crispness scores peaked at 8.33 for both maltodextrin- and polydextrose-substituted cookies at 10% fat replacement and remained acceptable till 20%. This initial increase in crispness likely results from an optimal balance in moisture distribution and structural setting within the dough, which enhances fracture properties during the first bite. At moderate substitution levels, sufficient free moisture facilitates steam generation and maintains a brittle, crisp texture as reported in comparable fiber-enriched baked goods (Chugh et al., 2015). However, at 30% substitution, the crispness scores dropped markedly to 3.67 for maltodextrin and 3.50 for polydextrose, indicating a significant loss in first-bite crispness. This decline is attributed to excessive water binding by okara fiber and hydrophilic fat replacers, which reduces free moisture available for steam vaporization. Consequently, the crumb sets rapidly and becomes structurally tougher, leading to a firmer, more resistant texture upon initial biting. This effect corresponds with increased instrumental hardness observed at high substitution levels and aligns (Tridtitanakiat et al., 2023). 
Taste and aftertaste scores in okara-incorporated cookies initially showed slight improvement or remained acceptable at low to moderate fat substitution levels (e.g., 10–20%), likely due to the flavour-enhancing effects of carbohydrate-based fat replacers i.e. maltodextrin and polydextrose. These fat mimics promotes better flavour release and perception by modifying moisture dynamics and reducing greasy mouthfeel, leading to improved taste acceptance. However, as substitution levels increase beyond 20%, both taste and aftertaste scores decline markedly. This deterioration is primarily attributed to the reduced fat content, which diminishes the role of fat as a flavour carrier and solubilizer of lipophilic flavour compounds. Additionally, the increased presence of okara fiber introduces characteristic beany or legume-related off-flavours, which are more pronounced at higher concentrations and negatively impact flavour acceptability. The diminished aftertaste at higher substitution can also be explained by decreased fat-mediated flavour persistence in the mouth and increased perceptions of dryness or astringency due to the high water-binding capacity of okara fiber and fat replacers. These factors reduce flavour release during chewing and prolong unpleasant mouthfeel, thereby shortening the positive flavour linger that contributes to overall sensory satisfaction. Crust colour of the cookies progressively declined with increasing fat substitution by maltodextrin and polydextrose, with sensory colour scores decreasing from 8.00 in the control to 4.33 and 3.67 at 30% substitution, respectively. This reduction in colour intensity can be attributed to the combined effects of reduced fat content and the incorporation of okara fiber and carbohydrate-based fat replacers, which influence Maillard browning reactions and caramelization during baking. Maltodextrin-substituted cookies generally retained slightly better colour, likely due to the starch-based nature of maltodextrin supporting moderate browning compared to polydextrose, which has lower viscosity and less impact on crust pigmentation. Overall acceptability mirrored the combined effects observed across sensory attributes. It peaked around 10–20% fat substitution, with scores of 7.77 for maltodextrin and 7.60 for polydextrose, reflecting a balance between desirable texture, taste, and colour attributes. Beyond this substitution range, acceptability scores declined notably due to the cumulative negative impacts of increased hardness, reduced crispness, diminished flavour intensity, and paler crust colour. Despite the general decline at higher substitution levels, maltodextrin-based cookies consistently outperformed polydextrose formulations in sensory acceptance, likely because maltodextrin better preserved crumb softness, flavour release, and colour. The cumulative data indicate that fat replacement in okara-enriched cookies significantly impacts physical properties, sensory quality, and overall acceptance. Replacement levels up to 20% with maltodextrin provide the best compromise, maintaining acceptable cookie diameter, spread, texture, flavour, and crust colour while improving nutritional attributes by reducing fat content and incorporating dietary fiber. 
Table 2: Effect of Fat Substitution with Maltodextrin and Polydextrose on Physical and Sensory Parameters of Okara-Incorporated Cookies
	Parameter
	Fat Substitute
	0%
	10%
	15%
	20%
	25%
	30%

	Physical and textural properties 

	Diameter (cm)
	Maltodextrin
	3.99ᵃ
	4.13ᶜ
	4.14ᶜ
	4.14ᶜ
	4.13ᶜ
	4.11ᶜ

	
	Polydextrose
	3.99ᵃ
	4.05ᵇ
	4.06ᵇ
	4.07ᵇ
	4.06ᵇ
	4.05ᵇ

	Thickness (cm)
	Maltodextrin
	0.72ᵃ
	0.73ᵃ
	0.74ᵃ
	0.71ᵃ
	0.72ᵃ
	0.74ᵃ

	
	Polydextrose
	0.72ᵃ
	0.73ᵃ
	0.73ᵃ
	0.72ᵃ
	0.72ᵃ
	0.74ᵃ

	Spread Ratio
	Maltodextrin
	5.52ᵃ
	5.66ᵃᵇ
	5.63ᵃᵇ
	5.87ᵇ
	5.76ᵃᵇ
	5.56ᵃ

	
	Polydextrose
	5.52ᵃ
	5.53ᵃ
	5.58ᵃ
	5.65ᵇ
	5.67ᵇ
	5.48ᵃ

	Hardness (kg)
	Maltodextrin
	2.44ᵃᶜ
	1.27ᵃ
	4.10ᵇ
	6.15ᵈ
	10.58ᵉ
	13.77ᶠ

	
	Polydextrose
	2.44ᵃᶜ
	2.09ᵃᶜ
	2.41ᵃᶜ
	3.52ᵇᶜ
	9.05ᵉ
	10.07ᵉ

	Fat (g)*
	-
	24.20
	21.78
	20.57
	19.36
	18.15
	16.94

	Sensory Score on 9-Point Hedonic Scale

	Texture 
	Maltodextrin
	7.17ᵃ
	7.67ᵃ
	7.50ᵃ
	7.50ᵃ
	5.50ᵇ
	3.83ᶜ

	
	Polydextrose
	7.17ᵃ
	7.50ᵃ
	7.00ᵃᵇ
	7.00ᵃᵇ
	5.33ᵇ
	3.50ᶜ

	First Bite 
	Maltodextrin
	6.67ᵇ
	8.33ᵃ
	7.33ᵇ
	7.00ᶜ
	6.00ᵈ
	3.67ᵉ

	
	Polydextrose
	6.67ᵇ
	8.33ᵃ
	7.00ᵇᶜ
	7.00ᵇᶜ
	6.00ᵈ
	3.50ᵉ

	Taste
	Maltodextrin
	6.83ᵇ
	7.67ᵃ
	7.50ᵃᵇ
	7.33ᵇ
	6.00ᶜ
	5.83ᶜ

	
	Polydextrose
	6.83ᵃ
	7.67ᵃ
	7.33ᵃᵇ
	7.00ᵇ
	5.67ᶜ
	4.83ᵈ

	After Taste 
	Maltodextrin
	7.83ᵃ
	7.50ᵇ
	7.67ᵃ
	6.83ᶜ
	6.00ᵈ
	4.67ᵉ

	
	Polydextrose
	7.83ᵃ
	7.00ᵇ
	6.50ᶜ
	6.50ᶜ
	5.67ᵈ
	4.00ᵉ

	Crust Colour 
	Maltodextrin
	8.00ᵃ
	7.67ᵇ
	7.67ᵇ
	7.50ᵇ
	5.50ᶜ
	4.33ᵈ

	
	Polydextrose
	8.00ᵃ
	7.50ᵇ
	7.33ᵇ
	7.33ᵇ
	5.00ᶜ
	3.67ᵈ

	Overall Acceptability
	Maltodextrin
	7.30ᵇ
	7.77ᵃ
	7.53ᵃᵇ
	7.23ᵇ
	5.80ᶜ
	4.47ᵈ

	
	Polydextrose
	7.30ᵃ
	7.60ᵃ
	7.03ᵇ
	7.03ᵇ
	5.53ᶜ
	3.90ᵈ


*Different superscript letters within each row denote statistically significant differences (p < 0.05) between fat substitution levels for the corresponding parameter. The absence of superscript letters indicates no significant difference for that particular parameter or substitution level in the analysis. *It should be noted that maltodextrin and polydextrose do not contribute fat to the cookies; therefore, fat content values remain the same for both formulations across all levels of fat replacement.
3.3. EFFECT OF HYDROCOLLOIDS ON TEXTURE AND SENSORY QUALITY OF OKARA-ENRICHED PROTEIN COOKIES
Despite the optimization of fat replacer, texture and crust appearance remained limiting factors, requiring further refinement through the use of hydrocolloids. Hydrocolloids are widely reported for their functional effects on water distribution, dough rheology, and structural setting in baked goods. Table 3 provides a comprehensive comparative analysis of physical parameters (diameter, thickness, spread ratio) textural property (hardness) and sensory characteristics (including texture, first bite, taste, after taste, crust colour, and overall acceptability) for okara cookies produced with hydrocolloid systems i.e. guar gum, xanthan gum, and a blend (1:1) guar gum and xanthan gum, across four levels of substitution (0%, 0.5%, 1%, and 1.5%). This table enables a systematic evaluation of the influence of each hydrocolloid type and concentration on the quality attributes of okara-enriched cookies, facilitating precise identification of the formulation that optimizes both instrumental texture and sensory acceptability. 
The diameter of okara cookies was significantly influenced by the type and concentration of hydrocolloids used. In the control samples (0% substitution), all formulations exhibited a similar diameter of 4.14 cm. With increasing levels of guar gum, the diameter progressively decreased, reaching its lowest value of 4.02 cm at 1.5% substitution. This reduction can be attributed to guar gum's strong water-binding and thickening ability, which limits dough extensibility and lateral spread during baking, resulting in more compact cookies.In contrast, xanthan gum addition led to a progressive increase in diameter, reaching a peak of 4.23 cm at 1% substitution, the highest among all treatments. Even at 1.5%, the diameter remained relatively high at 4.18 cm. Xanthan gum has the ability to enhance dough viscosity and retaining more water, which delays structural setting and allows for greater lateral expansion during baking (Sabanis & Tzia, 2011).The blend of guar and xanthan gum resulted in intermediate diameters, closely matching the control at all levels (ranging from 4.11 cm to 4.14 cm). This suggests a balancing effect, with xanthan’s expansion counteracting guar’s restricting influence, thus maintaining stable cookie size across substitution levels.Thickness measurements indicated that xanthan gum (XG) substantially increased cookie thickness, reaching a maximum of 0.99 cm at 1.5% substitution, while guar gum (GG) showed minimal increase and even a slight decrease was observed at higher concentrations (0.65 cm at 1.5%). The blend (GG+XG) consistently maintained an intermediate thickness between these extremes (~0.72–0.75 cm). Xanthan gum’s high water-binding capacity is responsible for retaining moisture within the dough matrix, preventing collapse during baking and yielding thicker cookies (Yuliarti et al., 2024). Conversely, the viscosity and gel-forming properties of guar gum led to denser dough structures with reduced vertical expansion at higher levels. These observations align with findings in similar study where hydrocolloids modified dough rheology and baking dynamics to alter thickness (Park et al., 2015).
The spread ratio, defined as the diameter-to-thickness ratio, reflects the cookie's shape profile and textural expectation. Guar gum produced the highest spread ratio (6.19 at 1.5%), mainly due to its tendency to reduce thickness more than diameter, resulting in flatter, wider cookies. Xanthan gum on the other hand, significantly lowered the spread ratio (down to 4.23 at 1.5%) by increasing thickness while limiting lateral expansion. The blend maintained spread ratios near the control range (5.51–5.73), signifying balanced dimensional control. These findings agree with other research indicating that hydrocolloids affect the spread ratio via their impact on dough viscosity, moisture retention, and gluten/inhibitory interactions, with xanthan gum often reducing and guar gum increasing spread ratio (Culetu et al., 2021). Lower spread ratios have been linked to softer textures while higher ratios often correlate with crispiness and desirable mouthfeel (Liu et al., 2017). Hardness, an important textural property impacting consumer acceptability, varied significantly among okara-enriched cookies formulated with guar gum (GG), xanthan gum (XG), and their blend. Guar gum increased hardness substantially at higher levels, reaching a peak value of 11.93 kg at 1.5% substitution. This increase reflects the ability of guar gum to form a dense, rigid matrix through its high viscosity and water-binding capacity, which enhances dough firmness and crust toughness.  Conversely, xanthan gum markedly softened cookie texture, with hardness decreasing to as low as 0.23 kg at 1.5%. This softening is attributed to xanthan’s strong water retention and film-forming properties, which impart greater moisture retention and elasticity, reducing the force required to fracture the cookie. The xanthan effect promotes a tender, less brittle cookie texture favourable in certain formulations but excessive softening could negatively affect crispness.The blend of guar and xanthan gum delivered intermediate hardness values, balancing the firming effect of guar with the softening influence of xanthan. At 1% substitution, the hardness was 1.80 kg, close to optimal for acceptable cookie texture. This synergy enables tailored texture control, improving mouthfeel and consumer acceptance by avoiding extremes of hardness or softness.
Sensory attributes of okara-enriched cookies formulated with guar gum (GG), xanthan gum (XG), and their blend (GG+XG) were assessed using a 9-point hedonic scale. Panelists evaluated texture, first bite, taste, aftertaste, crust colour, and overall acceptability at substitution levels of 0%, 0.5%, 1%, and 1.5%. The blend of guar and xanthan gum consistently received the highest scores in texture and first bite, peaking at 7.83 and 8.17 respectively at 1% substitution. The improved crispness and tender crumb interplay provided by the blend contributed to these enhanced sensory perceptions. Guar gum alone showed moderate texture scores that declined with increased substitution (6.92 to 6.00), while xanthan gum produced lower scores at high levels, likely due to excessive softness and chewiness (7.50 down to 5.17). These results indicate that the blend successfully balanced firmness and tenderness, optimizing mouthfeel. Taste scores were highest for the blend (7.67 at 1%), with minimal reduction at 1.5% substitution. Guar and xanthan gums yielded acceptable but lower scores at higher concentrations (around 6.17 to 7.33), possibly reflecting subtle changes in flavor release and mouthfeel. Aftertaste followed a similar trend, with the blend scoring up to 7.67 and maintaining good flavor persistence, whereas high levels of the individual gums led to decreased aftertaste scores (down to 6.00). This suggests the blend's synergy mitigates potential off-flavors and sensory drying effects introduced by higher fiber or gum content. Xanthan gum produced the most appealing crust colour, achieving a sensory score of 9.00 at 1.5%, likely due to better moisture retention facilitating Maillard browning. The blend maintained strong color scores (8.00 at 1%) close to xanthan gum, while guar gum had lower scores (4.67 at 1.5%), indicating lighter and less visually attractive crusts. Consumer preference generally aligns with more intense coloration as an indicator of quality. Overall acceptability was highest for the blend at 1% substitution (7.87), significantly outperforming guar gum (6.44) and xanthan gum (6.89) at equivalent levels. Increase in substitution beyond 1% generally decreased acceptability due to adverse effects on texture and flavor perception. The blend’s ability to maintain favorable sensory characteristics across parameters contributed to its superior acceptance. 
These sensory findings align with the instrumental texture data, supporting that a balanced hydrocolloid blend enhances consumer-preferred qualities in okara cookies. The data indicate the importance of selecting proper hydrocolloids and concentrations to optimize sensory appeal in fiber-enriched, fat-reduced baked products.







Table 3. Combined effect of guar gum, xanthan gum and their blend on physical and sensory properties of okara cookies
	Hydrocolloids 
	Physical parameters
	Texture analysis
	Sensory analysis on 9-point hedonic score

	
	Substitution Level (%)
	Diameter (cm)
	Thickness (cm)
	Spread Ratio
	Hardness (kg)
	Texture 
	First Bite 
	Taste
	After Taste 
	Crust Colour
	Overall Acceptability

	Guar gum (GG)
	0.0
	4.14ᵃ
	0.71ᵃ
	5.87ᵃᵇᶜ
	6.15ᵃᵈ
	7.50
	7.00ᵃ
	7.33
	6.83
	7.50ᵃ
	7.23ᵃᵇ

	
	0.5
	4.09ᵇ
	0.71ᵃ
	5.76ᵃᵇᶜᵈ
	5.30ᵃ
	7.00
	6.50ᵃᵇ
	7.33
	7.17
	6.50ᵇ
	6.90ᵃ

	
	1.0
	4.05ᵉ
	0.73ᵃᵇ
	5.57ᵇᶜᵈ
	7.66ᵈ
	7.17
	5.17ᵈ
	7.17
	7.17
	5.17ᶜ
	6.37ᵈ

	
	1.5
	4.02ᶠ
	0.65ᵈ
	6.19ᶠ
	11.93ᵉ
	6.00
	3.50ᵉ
	6.17
	6.00
	4.67ᵈ
	5.27ᵉ

	Xanthan gum (XG)
	0.0
	4.14ᵃ
	0.71ᵃ
	5.87ᵃᵇᶜ
	6.15ᵃᵈ
	7.50
	7.00ᵃ
	7.33
	6.83
	7.50ᵃ
	7.23ᵃᵇ

	
	0.5
	4.21ᶜ
	0.75ᵇ
	5.61ᵃᵇᶜᵈ
	1.86ᵇᶜ
	6.67
	6.50ᵃᵇ
	7.50
	7.33
	7.67ᵃ
	7.13ᵃ

	
	1.0
	4.23ᶜ
	0.83ᶜ
	5.12ᵉ
	0.65ᵇ
	6.00
	6.00ᵇ
	7.33
	7.33
	8.17ᵃᵇ
	6.97ᵃ

	
	1.5
	4.18ᵈ
	0.99ᵉ
	4.23ᵍ
	0.23ᵇ
	5.17
	4.83ᵈ
	6.17
	6.00
	9.00ᵇ
	6.23ᵈ

	Blend (GG+XG)
	0.0
	4.14ᵃ
	0.71ᵃ
	5.87ᵃᵇᶜ
	6.15ᵃᵈ
	7.50
	7.00ᵃ
	7.33
	6.83
	7.50ᵃ
	7.23ᵃᵇ

	
	0.5
	4.12ᵃᵇ
	0.74ᵇᵃ
	5.54ᵇᶜᵈ
	1.17ᵇᶜ
	7.50
	8.17ᶜ
	7.33
	7.33
	7.50ᵃ
	7.57ᵇᶜ

	
	1.0
	4.11ᵇ
	0.72ᵃᵇ
	5.73ᵃᵇᶜᵈ
	1.80ᵇᶜ
	7.83
	8.17ᶜ
	7.67
	7.67
	8.00ᵃ
	7.87ᶜ

	
	1.5
	4.13ᵃᵇ
	0.75ᵇ
	5.51ᵇᶜᵈ
	2.88ᶜ
	6.67
	6.17ᵇ
	6.50
	7.00
	7.50ᵃ
	7.03ᵃ


*Different superscript letters within each row indicate significant differences (p < 0.05). Absence of superscripts means no significant difference was found for that parameter/substitution level in your original analysis.

3.4 OPTIMIZED FORMULATION AND COMPARISON OF ITS NUTRITIONAL COMPOSITION WITH REFINED WHEAT FLOUR COOKIES
The optimized cookie formulation consisted of 28% refined wheat flour and 28% dry okara flour, maintaining a 50:50 ratio in the flour blend. Baking powder was incorporated at 1%, while fat replacement was achieved by using 17.6% peanut oil combined with 4.4% maltodextrin, representing a 20% substitution of the original fat content. Sugar was added at 20%, consistent with standard formulations. To improve texture and moisture retention, hydrocolloids were included at a total of 1%, comprising 0.5% guar gum and 0.5% xanthan gum. This formulation aligns with the nutritional optimization goals, achieving a balanced reduction in fat alongside increased protein and fiber content, as compared to cookies prepared solely with refined wheat flour. The combination of okara flour and fat replacers, complemented by hydrocolloids, resulted in functional cookie dough with enhanced nutritional and textural properties suitable for health-conscious consumers.
The proximate composition data comparing refined wheat flour cookies to okara cookies containing 50% okara flour, 20% fat replacer, and 1% hydrocolloid reveals significant nutritional and functional improvements (Table 4). Moisture content of the cookies decreases slightly from 5.48% in refined wheat flour cookies to 4.90% in the okara cookies. This can be attributed to the water-binding properties of hydrocolloid, which not only helps in retaining moisture during baking but also reduces free moisture, resulting in lower measured moisture content. The slight decrease could also enhance shelf life by reducing water activity and microbial susceptibility. Protein content shows a marked increase, more than doubling from 6.84% to 12.14%. This substantial rise is primarily due to the high protein concentration in okara flour. Crude fat decreases modestly from 23.60% to 19.22%, reflecting the 20% replacement of fat with carbohydrate-based fat mimetics like maltodextrin or polydextrose. This reduction aligns with dietary recommendations to lower fat intake without severely compromising product quality. The retained fat level indicates a balance between health benefits and sensory characteristics, as fat contributes to mouthfeel and flavour.Ash content significantly increases from 1.22% to 3.83%, likely reflecting the mineral richness of okara flour and hydrocolloids. Similarly, crude fiber content rises sharply from 0.50% to 3.69%, indicating an increased quantity of dietary fiber. The higher fiber content originates from the okara flour, which contains considerable fiber, and from hydrocolloids, which are themselves soluble fibers. Increased fiber is known to improve digestive health and modulate glycemic response.
Carbohydrate content decreases from 62.36% to 56.22%, a predictable outcome given the dilution effect of increased protein, ash, and fiber fractions in the formulation. Furthermore, replacing fat with maltodextrin and polydextrose introduces carbohydrate polymers, which due to their nature might not be fully digestible, thus contributing differently to the carbohydrate fraction.Phenolic content rises from 22.5 to 29.9 mg GAE/100 g, and antioxidant activity improves as demonstrated by the decrease in DPPH IC50 from 3.87 to 2.76 mg/ml. This suggests that the okara-based cookie formulation possesses enhanced antioxidant properties, likely due to the bioactive compounds inherent in soy okara and possibly reinforced by the hydrocolloids. Enhanced antioxidant activity can contribute to prolonged shelf life and provide additional health benefits related to oxidative stress reduction.
Table 4. Nutritional analysis of optimized okara cookies incorporated with 20% fat replacer (maltodextrin) and hydrocolloid (1:1 guar gum and xanthan gum)
	 Proximate composition (%)
	Amount

	
	Refined Wheat flour Cookies 
	Okara cookies (50% okara) with 20% fat replacer and 1% hydrocolloid

	Moisture
	5.48 ± 0.05 
	4.90 ± 0.25 

	Crude protein
	6.84 ± 0.54 
	12.14 ± 0.37 

	Crude fat
	[bookmark: _Hlk206505389]23.60 ± 0.48 
	19.22 ± 0.41 

	Ash
	1.22 ± 0.10 
	3.83 ± 0.07 

	Crude fiber
	0.50 ± 0.05 
	3.69 ± 0.23 

	Carbohydrate
	62.36 ± 1.31 
	56.22 ± 0.55 

	Phenol (GAE) (mg/100g)
	22.5 ± 1.01
	29.9 ± 0.76

	DPPH (IC50) (mg/ml)
	3.87
	2.76



4. CONCLUSION 
Okara flour possesses considerable nutritional and functional potential as a value‐added ingredient in bakery applications. Its high protein (31.93%), fiber (11.17%), phenolic content, and antioxidant activity make it a promising functional fortificant for developing health-oriented products. However, incorporation at very high substitution levels (70%) significantly altered cookie structure and sensory quality, leading to reduced consumer acceptance due to increased beany flavour, darker crust colour, and softer, less desirable texture. To overcome these limitations, fat replacement strategies were evaluated. Moderate substitution (10–20%) with carbohydrate-based replacers such as maltodextrin and polydextrose improved cookie spread, maintained texture and crispness, and preserved acceptable sensory quality. Excessive substitution levels (≥25%) led to harder textures, diminished crispness, reduced colour intensity, and lower overall acceptability, indicating an optimal replacement range below 20%, with maltodextrin showing superior performance over polydextrose. Further optimization using hydrocolloids revealed their effectiveness in modifying dough rheology, texture, and sensory quality. While guar gum increased hardness and reduced spread, and xanthan gum produced excessive softening, the blend of guar and xanthan gum (1:1) at 1% substitution achieved the most favourable balance. This formulation improved crispness, flavour persistence, and colour while maintaining structural integrity, resulting in the highest overall acceptability among all treatments. Collectively, the results confirm that okara flour can be successfully incorporated into cookies as a protein- and fiber-rich functional ingredient when supported by formulation aids. A combination of controlled fat replacement (20%) and hydrocolloid blending (1% GG+XG) offers a synergistic strategy to counteract the undesirable effects of high fiber/protein enrichment. 
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