


Development and Quality Evaluation of Fiber and Protein Enriched Cookies Incorporated with Pea Pod Powder



Abstract
Pea pod is an underutilized agro-industrial by-product rich in dietary fiber and minerals. The present study aimed to evaluate the feasibility of incorporating pea pod powder (PPP) into cookies for nutritional enhancement. Cookies were prepared by replacing refined flour with PPP at 5, 10, 15, and 20% levels. The effect of PPP incorporation on physicochemical properties, proximate composition, texture, water activity, and sensory attributes was investigated. Results indicated a significant increase in dietary fiber and ash content with increasing PPP levels. Cookie spread ratio decreased, while hardness increased at higher substitution levels. Water activity of all cookie samples remained within acceptable limits, indicating good shelf stability. Sensory evaluation revealed that cookies containing up to 15% PPP were acceptable in terms of color, texture, taste, and overall acceptability. The study demonstrates that pea pod powder can be effectively utilized as a functional ingredient in cookies, contributing to waste valorization and nutritional improvement.
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1. Introduction
Bakery products, especially cookies, are among the most widely consumed cereal-based foods globally due to their convenience, appealing sensory attributes, extended shelf life, and ease of storage(Hoque et al., 2023). Conventional cookies are typically made from refined wheat flour, sugar, and fat, which results in high energy density but low levels of essential nutrients such as dietary fiber, vitamins, and minerals (Tiwari et al., 2023). Growing consumer awareness of diet-related health issues such as obesity, diabetes, and cardiovascular diseases has driven interest in developing fiber-enriched bakery products with improved nutritional profiles(Dreher, 2018). Dietary fiber is recognized for its significant health benefits, including improved gastrointestinal function, modulation of blood glucose and lipid metabolism, and reduced risk of chronic diseases (Song et al., 2023). However, fiber intake in many populations remains below recommended levels, partly due to the predominance of refined cereal products in daily diets (Anderson et al., 2009; Slavin, 2013). Integrating dietary fiber into commonly consumed foods like cookies presents a practical strategy for enhancing habitual fiber intake without requiring major changes in eating habits(Walsh et al., 2026). Agro-industrial by-products from fruit and vegetable processing represent a promising, sustainable source of dietary fiber and other bioactive compounds. These by-products, such as pomace, peels, and pods, are often discarded despite their high nutrient content, contributing to environmental waste and resource inefficiency(Lau et al., 2021). Recent research has increasingly focused on valorizing plant by-products in food formulations to improve nutritional quality while supporting circular economy principles. Pea (Pisum sativum L.) processing generates significant quantities of pea pod waste, which is typically underutilized despite being a rich source of dietary fiber and other nutrients. Characterization studies show that pea pod powder contains substantial dietary fiber (~35%) along with protein and functional attributes beneficial for food applications, making it a potential ingredient for fiber enrichment in bakery products such as cookies (Nasir et al., 2023). Parallel studies have reported successful incorporation of other plant-based by-products such as fruit pomace, spent tea leaves, and seed coat materials into baked goods, resulting in increased fiber and bioactive compound levels, although effects on texture and sensory attributes must be optimized for consumer acceptability(Difonzo et al., 2022). These studies collectively highlight the feasibility and benefits of utilizing plant by-products as value-added ingredients in fiber-enriched bakery products(Masood et al., 2020). Despite these promising developments, limited research has specifically focused on optimizing the incorporation of pea pod powder in cookie formulations and systematically evaluating its effects on physicochemical, textural, and sensory properties. Therefore, the present study aimed to develop fiber-enriched cookies by incorporating pea pod powder and to comprehensively evaluate the impact of this incorporation on the physicochemical characteristics, texture profile, and sensory acceptability of the cookies.

2. Materials and Methods
2.1 Materials
Refined wheat flour, butter, and sugar were purchased from the local market. For proximate analysis, analytical grade chemicals were used. Petroleum ether or n-hexane, sulfuric acid, sodium hydroxide, boric acid, and hydrochloric acid were procured from HiMedia Laboratories Pvt. Ltd. (Mumbai, India) and used for fat, protein, and fibre analysis. All chemicals and reagents used in the study were of analytical grade with purity ≥ 98%. 
     2.2 Preparation of Pea Pod Powder
 Fresh green pea pods (Pisum sativum) were sourced from a local retail market in Pantnagar, Uttarakhand, India. The peas were manually separated, and the leftover pods were selected, thoroughly washed, and subjected to blanching in hot water maintained at 95 °C for 3 minutes. Following blanching, the pods were uniformly arranged on drying trays and dehydrated using a tray dryer (MSW206, Delhi, India) at 60 °C for a duration of 8 hours. The dried pods were then milled into a fine powder using a high-speed grinder (FX 11 Food Factory, Bajaj, India) operating at 22,000 rpm for 5 minutes. The resulting powder was sieved through a 420 µm mesh to ensure consistent particle size. The pea pod powder (PPP) was packed in aluminum-laminated pouches and stored under refrigerated conditions at 5 °C until further use(Hanan et al., 2020).
2.3 Cookie Preparation
Cookies were prepared following the procedure described by Soares et al. (Soares et al., 2023)with slight modifications. In this method, the fat and sugars were first homogenized using a mixer to obtain a uniform cream. Subsequently, the dry ingredients were incorporated and mixed until a homogeneous dough was obtained. The dough was then portioned into equal units, shaped into circular discs of uniform thickness, and baked under controlled temperature conditions. In the present study, cookies were formulated using   refined flour (48-28%), pea pod powder (0-20%), butter ( 23%), and sugar (29%) as shown in Table 1, and composite cookies were prepared by partially replacing refined flour with pea pod powder at different substitution levels while maintaining the same preparation procedure. 
	Ingredients
	Control
	A
	B
	C
	D

	Pea pod powder (PPP)
	0
	5
	10
	15
	20

	Butter
	23
	23
	23
	23
	23

	Sugar
	29
	29
	29
	29
	29

	Total
	100
	100
	100
	100
	100





Table 1: Formulation of cookies with different levels of pea pod powder incorporated in composite flour blends
2.3 Proximate Composition
Moisture, crude protein (N × 6.25), total fat, dietary fiber, and ash contents of PPP-based extruded snacks were determined using standard AOAC procedures(Chemists, 2000). Carbohydrate content was calculated by difference.
2.4 Physical and Textural Properties
2.4.1 Thickness, Diameter and Spread ratio
The physical properties of cookies, such as diameter, thickness, and spread ratio, were measured using standard cereal chemistry methods as recommended by AACC International approved methods(Committee, 2000). After baking, the cookies were allowed to cool to room temperature (25 ± 2 °C). To measure the diameter, three to six cookies were arranged edge to edge, and the total width was measured using a digital Vernier caliper. The cookies were then turned 90° and remeasured, and the average value was recorded. The thickness was measured by stacking an equal number of cookies and measuring the height of the stack; the measurements were repeated after rearranging the stack and averaged. The spread ratio was calculated as the ratio of average diameter to average thickness (D/T)(Heermann et al., 2022)
2.4.2 Texture Profile Analysis
The texture profile analysis was employed to measure the hardness of cookie samples using a texture analyzer with a compression probe. The measurement was done using a double compression cycle, which mimics the action of chewing and yields mechanical properties like hardness, cohesiveness, and chewiness. Hardness was measured as the maximum force detected in the first compression cycle and was measured in Newtons (N). The texture profile analysis is a common technique for assessing the structural integrity of food products(Khule et al., 2024). The water activity (aₙ) of the cookie samples was determined using a calibrated water activity meter at a controlled temperature of 25 ± 1 °C. 
2.4.3. Water Activity
Water activity is the ratio of the vapor pressure of water in the food to the vapor pressure of pure water under the same conditions and is an important factor in determining the amount of free water available for microbial growth and chemical reactions. This method has been employed in cookie studies to determine the water activity of cookies after cooling before further analysis(Chikpah et al., 2023).
2.5 Sensory Evaluation
Sensory analysis was conducted using a semi-trained panel to evaluate color, texture, taste, flavor, and overall acceptability of the cookies. Samples were labeled with a three-digit random number and arranged in a random order. Panel members rated each category on a 9-point hedonic scale, with 1 = “dislike extremely” and 9 = “like extremely,” in a controlled laboratory setting with palate cleansing between samples. This approach has been commonly used in cookie studies to measure the acceptability of product formulations among consumers(Chikpah et al., 2023)
2.6 Statistical Analysis
All experiments were performed in triplicate, and data are represented as mean ± standard deviation (SD). Statistical analysis was carried out using one-way analysis of variance (ANOVA) in OriginPro 2025 (OriginLab Corporation, Northampton, MA, USA).
3. Results and Discussion
3.1 Proximate Composition
Table 2. represents the proximate composition of different levels of cookies.Moisture content decreased significantly from 4.5% in control to 3.3% at 20% PPP inclusion. The decline can be explained by the increased incorporation of PPP, which contains high levels of dietary fiber that binds water more tightly, reducing free moisture in the baked product. This trend is consistent with other studies where high‑fiber ingredients reduced the moisture content of fiber‑fortified cookies and biscuits due to water retention by fiber matrices. For example, cookies formulated with agro‑processing by‑products showed reduced moisture as fiber levels increased(Oladunjoye et al., 2021). The reduction in the carbohydrate content was from 69.28% in control to 60.71% in the highest substitution of PPP. This is expected because the refined wheat flour, which is the major source of starch and carbohydrates, was being replaced by PPP, which has a relatively lower content of carbohydrates and higher protein and fiber. Similar trends have been observed in fortified biscuits where the legume or fiber-rich ingredients replaced a portion of the cereal flour, resulting in a reduction in the content of carbohydrates(Mesias et al., 2024). The observed increase in protein from 6.00% to 8.02% is attributable to the higher protein content of pea pod powder relative to wheat flour. Numerous studies demonstrate that incorporation of legume‑based powders or other high‑protein ingredients increases protein levels in cookies and related products. A similar pattern was shown where carob flour and chia seeds raised protein content in fortified biscuits(Mesias et al., 2024). Fat content showed a minor downward trend (18.90% to 18.55%), but remained relatively stable across treatments because the amount of fat‑rich ingredient (butter) was held constant. Any slight reductions are due to dilution by PPP, which has low fat content. Although not identical, similar studies on fiber‑fortified baked products have found minimal changes in fat when constant fat sources are used in all treatments(Oladunjoye et al., 2021). Dietary fiber increased sharply from 0.96% to 8.16% with increasing PPP, reflecting the high fiber content of pea pod powder. Fortification with high‑fiber by‑products consistently increases fiber content in cookies; for example, hazelnut skin waste increased fiber concentration compared with control shortbread cookies(Costantini et al., 2024). The ash content rose from 0.36% to 1.26%, reflecting the higher mineral content in PPP. The mineral-rich character of legume by-products has always been responsible for the higher ash content in cookies when legume by-products are used as substitutes in cookie formulation. The ash content was found to increase from 0.36% in the control to 1.26% with higher concentrations of pea pod powder, thus showing the increased mineral content contributed by the pea by-product. This has also been observed in cookies made with high fiber ingredients such as apple pomace, where the ash content was found to increase with higher concentrations of added fiber due to the higher mineral content in the fruit by-product compared to wheat flour(Naseem et al., 2024).
	PPP (%)
	Moisture (%)
	Carbohydrate (%)
	Protein (%)
	Fat (%)
	Fiber (%)
	Ash (%)

	0
	4.5 ± 0.05
	69.28 ± 0.20
	6.00 ± 0.08
	18.90 ± 0.12
	0.96 ± 0.05
	0.36 ± 0.06

	5
	4.2 ± 0.04
	67.12 ± 0.15
	6.52 ± 0.07
	18.82 ± 0.14
	2.76 ± 0.07
	0.58 ± 0.03

	10
	3.9 ± 0.03
	64.99 ± 0.17
	7.01 ± 0.06
	18.73 ± 0.15
	4.56 ± 0.08
	0.81 ± 0.05

	15
	3.6 ± 0.03
	62.89 ± 0.10
	7.48 ± 0.05
	18.64 ± 0.13
	6.36 ± 0.08
	1.03 ± 0.09

	20
	3.3 ± 0.02
	60.71 ± 0.12
	8.02 ± 0.05
	18.55 ± 0.14
	8.16 ± 0.09
	1.26 ± 0.03


Table2: Proximate Composition of Cookies with Varying Levels of Pea Pod Powder (PPP, 0–20%)


3.2 Physical Characteristics
Table 3. representing physical parameters of cookies. The findings revealed that the diameter of the cookies reduced, thickness increased, and spread ratio reduced significantly with the rising levels of pea pod powder (PPP). The control cookies had the highest diameter and spread ratio, while the cookies with 20% PPP had the lowest diameter and spread ratio but the highest thickness. This trend can be attributed to the high fiber and protein content of PPP, which makes the dough more water-absorbent and viscous, hence resisting the spread of the dough during baking. Fiber fortification is known to create dough systems that behave more like solids, hence resisting flow during baking, thus resulting in lower spread ratios and higher thickness. Literature on fiber-fortified cookies indicates that the addition of fibers makes dough less spreadable since fibers compete with dough for water and make dough stronger. Similarly, studies on cookies prepared using different sources of fiber (fruit, bamboo, citrus, and plant fibers) revealed a reduction in the spread ratio with an increase in the level of fibers(Gruppi et al., 2024a).The spread ratio is a quality indicator, which is the ratio of diameter to thickness. A higher spread ratio is an indication of better expansion of cookies. However, composite or fiber cookies have lower spread ratios due to the limited expansion of dough(AF, 2022).Legume-based baked foods have higher protein and fiber, which causes higher water binding capacity and dough density. This results in a reduction in the diameter and an increase in the thickness of the cookies. Similar results have been observed in composite flour cookies, where the replacement of wheat flour with legume flour caused a reduction in spread and an increase in hardness(Yamsaengsung et al., 2012).
	PPP (%)
	Diameter
	Thickness
	Spread Ratio

	0
	48.0 ± 1.00
	6.95 ± 0.25
	6.91 ± 0.18

	5	
	47.5 ± 0.90
	7.10 ± 0.23
	6.69 ± 0.17

	10
	47.0 ± 0.11
	7.32 ± 0.22
	6.42 ± 0.16

	15
	46.2 ± 0.92
	7.55 ± 0.20
	6.12 ± 0.15

	20
	46.0 ± 0.80
	7.75 ± 0.21
	5.94 ± 0.14



Table 3: Physical Properties (Diameter, Thickness and Spread Ratio) of Cookies with Varying Levels of Pea Pod Powder (PPP, 0–20%)
3.3 Textural Properties
Table 4. shows the texture of cookies. The increase in hardness with higher PPP incorporation can be justified by the higher fiber and protein content of pea pod powder, which strengthens the internal structure of cookies and reduces spread during baking. Studies on legume-based cookies have reported similar trends, where increasing substitution levels increased cookie hardness due to protein–starch interactions and formation of a denser matrix(Felisiak et al., 2024). Additionally, incorporation of fiber-rich plant materials is known to produce harder baked products because fiber particles disrupt the continuous gluten–starch network and create a more compact structure(Proserpio et al., 2020).
	PPP (%)
	Hardness (N)

	0
	38.5 ± 2.1 

	5
	43.2 ± 2.3 

	10
	48.6 ± 2.5 

	15
	55.4 ± 2.8 

	20
	62.8 ± 3.0 


Table 4.: Effect of Pea Pod Powder (PPP) on Texture  of Cookies

3.4 Water Activity
The table (5) illustrates a substantial and incremental reduction in the water activity (aw) of cookies with an increasing level of substitution of pea pod powder (PPP) from 0% (control) to 20%. The control cookies had the highest aw (0.64 ± 0.01ᵃ), while the 20% PPP had the lowest aw (0.52 ± 0.01ᵉ), and all values were significantly different (p < 0.05) from each other, as indicated by different superscript letters. This observation is in line with recent observations on functional bakery products, where the addition of dietary fiber substantially influenced the water distribution in the matrix. In this study, the higher incorporation of fibers from different sources, including bamboo, cocoa, and psyllium, significantly influenced the dough and cookie water activity due to their varied water-holding capacities, which can bind free water and limit its contribution to aw in the baked product. In particular, fibers with higher water-holding capacity can immobilize water molecules through hydrogen bonding and physical entrapment, thus reducing aw with increasing fiber concentration. Lower water activity is desirable in shelf-stable cookies because it limits microbial growth and slows deleterious chemical reactions, contributing to extended microbiological safety and texture stability over storage. The observed aw values in PPP-fortified cookies, especially at higher levels, align with this principle by showing a marked reduction in free water availability as total fiber content rises, demonstrating the functional role of pea pod powder as a water-binding, activity-lowering ingredient in cookie systems(Gruppi et al., 2024b).
	Sample
	PPP (%)
	Water Activity (aw)

	Control
	0
	0.64 ± 0.01

	A
	5
	0.61 ± 0.02

	B
	10
	0.58 ± 0.01

	C
	15
	0.55 ± 0.02

	D
	20
	0.52 ± 0.01



Table 5: Effect of Pea Pod Powder (PPP) on Water Activity of Cookies
3.5 Sensory Evaluation
Table 6 shows the sensory properties of cookies. Sensory analysis of cookies prepared with 0-20% pea pod powder (PPP) was done using a 9-point hedonic scale. A significant reduction (p ≤ 0.05) in scores was found with the increasing levels of PPP addition. The control (0% PPP) showed the highest scores for color (8.6) referred to fig.1 , texture (8.5), taste (8.7), aroma (8.4), and overall acceptability (8.6), which indicated “like very much.” Sample A (5% PPP) was found to be statistically similar (p > 0.05) to the control. This suggests that low-level fibre substitution is acceptable in terms of sensory qualities, which agrees with the fact that moderate levels of fibre-rich byproduct addition in cookies can preserve sensory properties (e.g., pea pod addition up to 10% was found to be acceptable from an organoleptic point of view)(Afzal & Jaan, 2025).With 10% substitution (Sample B), the scores dropped but stayed within the “like moderately” category. This is consistent with studies indicating that the substitution of pea pod powder up to 10% is acceptable in terms of organoleptic scores, but beyond that, preference is decreased owing to the development of textural and flavor differences(Kaur et al., 2023). Yet, beyond that, further increments to 15% and 20% PPP (Samples C and D) resulted in significant decreases in all the sensory properties, with the 20% sample having the lowest overall acceptability (5.9). These decreases at higher levels of substitution are commonly attributed to the development of darker colors owing to the natural pigments and Maillard reactions, hardness from fiber-gluten interactions, and slight bitterness from phenolic compounds, as also seen in other fiber-fortified cookie formulations and other studies involving vegetable powder(Kausar et al., 2024).This trend is consistent with studies on the enrichment of functional ingredients in bakery products, where it was noted that higher amounts of fiber or by-product addition often impair the sensory properties of color and texture, despite their nutritional advantages . Hence, optimal sensory acceptability in fiber-enriched cookies is usually obtained at lower levels of substitution (5-10%)(Tolve & Simonato, 2024).
	Sample
	PPP (%)
	Colour
	Texture
	Taste
	Aroma
	Overall Acceptability

	Control
	0
	8.6 ± 0.3
	8.5 ± 0.4
	8.7 ± 0.2
	8.4 ± 0.3
	8.6 ± 0.3

	A
	5
	8.3 ± 0.4
	8.2 ± 0.3
	8.1 ± 0.4
	8.0 ± 0.3
	8.2 ± 0.3

	B
	10
	7.8 ± 0.5
	7.6 ± 0.4
	7.5 ± 0.4
	7.6 ± 0.5
	7.7 ± 0.4

	C
	15
	7.0 ± 0.4
	6.8 ± 0.5
	6.7 ± 0.5
	6.9 ± 0.4
	6.8 ± 0.4

	D
	20
	6.1 ± 0.5
	5.9 ± 0.6
	5.8 ± 0.5
	6.0 ± 0.5
	5.9 ± 0.5


 
Table 6: Effect of Pea Pod Powder (PPP) on Sensory properties of Cookies
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        Fig 1. Cookies incorporated with different levels of Pea Pod Powder (PPP) (%)


4. Conclusion
The current study has shown that pea pod powder (PPP) can be successfully used as a functional component in cookie preparation by partial substitution of refined flour. The addition of PPP helped in a substantial increase in the dietary fiber content and nutritional value of the prepared cookies. Although the physicochemical and sensory properties were affected by the increased levels of substitution, addition up to 10% (and even up to 15%) helped in retaining desirable color, texture, flavor, and overall acceptability on the 9-point hedonic scale. However, higher levels of substitution (≥20%) caused a marked decrease in the sensory attributes, mainly because of the increased hardness, darker color formation, and slight vegetal or bitter tastes because of the higher fiber and phenolic compound contents. However, moderate levels of addition helped in achieving a balance between the enhanced nutritional value and acceptability. The current study thus confirms that pea pod powder can be successfully added to bakery products as a sustainable functional component. The addition of PPP not only helps in enhanced dietary fiber enrichment but also offers an eco-friendly approach for the valorization of agro-industrial by-products, which can help in waste management and sustainable food processing practices.
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