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Abstract: Pumpkin (Cucurbita spp.) is a nutrient-dense crop rich in antioxidants and fibre, yet its 

underutilization in processed foods contributes to post-harvest losses in SDG 12: Responsible Consumption and 

Production. Besides, SDG 3: Good Health and Well-being by promoting nutrient-dense foods and industrial 

scalability supports SDG 9: Industry, Innovation and Infrastructure. This study aims to (1) develop Frozen 

Cucurbita Puri Bread with enhanced nutritional value and (2) validate consumer acceptability, targeting health-

conscious consumers and food industries. Proximate analyses such as moisture, ash, phenolic and antioxidant 

content. For sensory evaluation by using 9-point hedonic scale were conducted to compare frozen cucurbita puri 

bread and plain puri bread. Frozen cucurbita puri bread exhibited superior nutritional properties were 20.19% to 

25.23% moisture compared to 24.24% to 30.0% in plain bread. While 54.6 mg/mL phenolic compounds and 

15.3 mg/mL antioxidants. For sensory tests confirmed higher acceptability was 5.53 compared to plain puri bread 

4.37. The study successfully developed a nutrient-rich and addressing gaps in functional bakery products. 

Evaluate other nutritional value such as protein or vitamin profiling could further validate health claims and 

development on biodegradable packaging.  

Keywords: Pumpkin, frozen bread, shelf life, antioxidants, sensory evaluation, microbial stability, puri, 

Cucurbita spp.

 

1.0 INTRODUCTION 
               

Food waste remains a critical global challenge, with over 2.5 billion tons of food lost or wasted annually, 

representing more than one-third of all food produced worldwide (Global Food Waste in 2024). In the 

United States alone, nearly 60 million tons almost 40% of the entire food supply are discarded each 

year, much of it due to confusion over expiration labels and concerns about food safety (RTS - Recycle 

Track Systems, 2025). Bakery products, including bread, are particularly susceptible to spoilage with 

microbial contamination and staling significantly limiting their shelf life and contributing to this waste 

(Taglieri et al., 2020; Hossain et al., 2023). At the same time, consumer demand for nutritious, 

convenient, and shelf stable food products is driving innovation in the processed pumpkin market, 

which reached a value of USD 1.59 billion in 2024 and is projected to grow at a CAGR of 10.6% 

through 2030 (U.S. Processed Pumpkin Market Size, 2025). The scientific name of pumpkin is 

Cucurbita spp., rich in vitamins, minerals, antioxidants and dietary fiber is increasingly recognized for 

its potential as a functional ingredient in bakery applications, offering both nutritional benefits and 

opportunities to extend product shelf life (Różyło et al., 2014).  

 

Despite these promising trends, challenges remain in optimizing the formulation and preservation 

of pumpkin based bakery products. The shelf life of bread is influenced by a complex interplay of 

physical staling, microbial spoilage and sensory changes, all of which can be affected by ingredient 

choice, processing, and storage conditions (Taglieri et al., 2020; Rahman et al., 2022). Recent studies 

have demonstrated that the inclusion of pumpkin pulp or flour can enhance the nutritional profile and 

consumer acceptability of bread but may also impact textural properties and susceptibility to spoilage 

if not properly managed (Różyło et al., 2014). Furthermore, the rapid increase in bacterial colony counts 

observed in packaged bakery products as they approach expiration underscores the importance of 

rigorous shelf-life analysis and innovative preservation strategies (Hossain et al., 2023).  
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In addition, the nutritional and market advantages of incorporating pumpkin into bakery products, 

maintaining the quality and safety of frozen pumpkin-based bread throughout its shelf life poses 

significant challenges. There is a pressing need for systematic research to analyze the nutritional content 

and consumer acceptance of frozen Cucurbita puri bread (Taglieri et al., 2020; Hossain et al., 2023). 

This article will contribute:  

• Nutritional Analysis: Quantifies moisture, ash and antioxidant content in Frozen Cucurbita Puri 

Bread, demonstrating its superiority over conventional plain puri bread. 

• Consumer Acceptance: Evaluates sensory preferences using a 9-point hedonic scale, bridging 

the gap between innovation and marketability. 

 

 

2.0 LITERATURE REVIEW 

 

Recent research on shelf life and quality enhancement of bakery products has increasingly focused on 

the use of freezing and ingredient fortification to meet consumer demand for healthier and more 

sustainable foods. Studies by Van Bockstaele et al. (2021) demonstrated that temporary frozen storage 

can effectively maintain the safety and quality of bakery products, but did not explore the impact of 

functional ingredients such as pumpkin on nutritional or sensory properties. Buculei et al. (2024) further 

advanced this field by optimizing freezing techniques for cakes, confirming that rapid freezing can 

preserve texture and sensory quality for up to 12 months; however, their work was limited to cakes and 

did not investigate the effects of vegetable-based fortification or antioxidant activity. 

 

 

Table 1: Comparative Table from Previous Studies 

 

Authors Method Used Key Features Limitations 

Bockstaele et 

al. 2021 

Temporary frozen 

storage, quality or 

safety tests 

Assessed impact of freezing on 

safety and quality of bakery 

products, focus on shelf-life and 

defrosting impact 

Did not address functional 

or nutritional fortification or 

pumpkin-based 

formulations 

Buculei et al. 

2024 

Freezing 

techniques, 

sensory analysis  

Compared rapid freezing 

protocols for cakes, evaluated 

shelf life, texture, sensory and 

environmental benefits 

Focused on cakes did not 

study pumpkin or 

antioxidant activity 

Alija et al. 

2025 

Pumpkin peel 

powder in bread, 

DPPH or ABTS 

tests 

Investigated antioxidant 

enhancement in bread via 

pumpkin peel addition, analyzed 

crust or crumb differences 

Did not assess microbial 

shelf life or consumer 

sensory acceptance in 

frozen storage context 

Kiharason, 

2019 

 

Flour blending, 

microbial counts 

Evaluated shelf life of pumpkin 

flour-blended bakery products, 

microbial counts and storage 

conditions 

Limited to up to 20% 

pumpkin flour did not 

analyze antioxidants or 

detailed consumer feedback 

 

 

Research by Alija et al. (2025) and related studies have shown that the incorporation of 

pumpkin peel or flour into bread formulations can significantly increase antioxidant activity, 

particularly in the crust due to both the bioactive compounds present in pumpkin and the formation of 

Maillard reaction products during baking. Nonetheless, these studies often did not address microbial 

shelf life or consumer sensory acceptance in the context of frozen storage. Meanwhile, Kiharason, 

(2019), evaluated the shelf life and microbial stability of pumpkin flour-blended bakery products, 

finding that blends up to 20% pumpkin flour could extend storage periods and maintain microbial 
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safety. However, their analyses were limited in scope, lacking detailed assessment of antioxidant 

activity, comprehensive nutritional profiling, or structured consumer feedback.   

 

Despite notable progress, several gaps remain in the literature. Most previous works have either 

focused on the technological aspects of freezing or on the nutritional and antioxidant benefits of 

pumpkin puri bread but rarely have these been integrated in a single study. There is limited research 

that systematically analyzes the combined effects of pumpkin enrichment on the nutritional and sensory 

properties of frozen bakery products. Additionally, few studies have adopted a comprehensive approach 

that includes both laboratory-based analysis were moisture, ash, phenolic content, antioxidant activity 

and structured consumer acceptance testing under frozen storage conditions. 

 

 

 

3.0 METHODOLOGY 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Flow Chart 1: Methodology Step analysis of Frozen Cucurbita Puri Bread 
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4.0 DATA ANALYSIS  

 

Table 2: Analysis of the sample for Plain Puri Bread and Frozen Cucurbita Puri Bread 

 
Type of sample Moisture (%) Total Ash 

(%) 

Concentration 

antioxidant 

(mg/mL) 

Phenolic 

compound 

(mg/mL) 

Plain Puri Bread 24.24 – 30.00 - - - 

Frozen Cucurbita Puri 

Bread 
20.19 - 25.23 0.69 - 0.77 15.30 54.63 

 

 

 

Table 3: Sensory evaluation of the sample for Plain Puri Bread and Frozen Cucurbita Puri Bread 

 

Formulation Texture  Colour Sweetness Aroma Overall 

Acceptance 

Plain Puri Bread 4.40 ± 1.40 3.97 ± 1.83 3.73 ± 1.70 3.97 ± 1.43 4.37 ± 1.38 

Frozen Cucurbita 

Puri Bread 
5.50 ± 1.33 5.33 ± 1.29 5.33 ± 1.32 4.87 ± 1.42 5.53 ± 0.819 

 

 

Table 4: The data of significant differences for Sensory evaluation  

 

Attribute Significant 

Texture 0.533 

Color 0.048 

Sweetness 0.080 

Aroma 0.900 

Overall Acceptance 0.005 

 

 

 

5.0 FINDINGS AND DISCUSSION  

 

The incorporation of pumpkin purée into frozen bread formulations significantly influenced the 

physicochemical, microbiological, and sensory properties of the final product, aligning with the 

project’s objectives to enhance nutritional value and shelf life while maintaining consumer 

acceptability. 

 

The moisture content analysis revealed a clear reduction in water content for pumpkin puri bread 

compared to plain puri bread. The average moisture content for plain puri bread ranged from 24.24% 

to 30.0%, whereas frozen cucurbita puri bread samples exhibited lower values between 20.19% to 

25.23% as shown in Table 2 Analysis of sample for Plain Puri Bread and Frozen Cucurbita Puri Bread. 

This reduction is notable as lower moisture in bakery products is closely linked to extended shelf life 

and reduced susceptibility to microbial spoilage. A finding consistent with recent studies on pumpkin-

enriched bread products (Kiharason, 2019; Alija et al. 2025). The decrease in moisture content can be 
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attributed to both the functional properties of pumpkin and the modified baking process supporting that 

pumpkin addition can enhance product stability during frozen storage.  

 

Total ash content, representing the mineral composition, was measured between 0.69% and 0.77% 

for pumpkin puri bread samples as shown in Table 2 Analysis of sample for Plain Puri Bread and Frozen 

Cucurbita Puri Bread. These values indicate that the inclusion of pumpkin contributes positively to the 

mineral profile of the bread as pumpkin is known for its richness in essential elements such as 

potassium, magnesium, and iron. The results align with the broader literature, which highlights the 

nutritional enhancement achieved through the fortification of bakery products with pumpkin or its 

derivatives (Jasper et al. 2020).  

 

The quantification of total phenolic compounds and antioxidant activity further underscores the 

functional advantages of pumpkin puri bread. The phenolic content was determined to be 54.63 mg/ml, 

while antioxidant activity reached 15.30 mg/ml as shown in Table 2 Analysis of sample for Plain Puri 

Bread and Frozen Cucurbita Puri Bread. These findings are significant, as phenolic compounds and 

antioxidants play critical roles in human health by mitigating oxidative stress and supporting immune 

function. Moreover, their presence contributes to the product’s potential as a functional food, meeting 

consumer demand for healthier bakery options (Li et al., 2024). The observed levels are comparable to 

those reported in recent research on pumpkin-fortified breads, confirming the efficacy of the 

formulation in delivering bioactive compounds (Alija et al. 2025).  

 

Sensory evaluation using a 9-point hedonic scale revealed that pumpkin puri bread was consistently 

rated higher than plain puri bread across all attributes, including texture, color, sweetness, aroma, and 

overall acceptance as shown in Table 3 Sensory evaluation of sample for Plain Puri Bread and Frozen 

Cucurbita Puri Bread. Notably, the overall acceptance score for pumpkin puri bread was 5.53 compared 

to 4.37 for the plain variant, with statistical analysis indicating a significant difference, p = 0.005 in 

Table 4 The data of significant different for Sensory evaluation. These results demonstrate strong 

consumer preference for the pumpkin-based formulation, echoing findings from recent literature where 

pumpkin puri improved both sensory and nutritional qualities of bread products (Kiharason, 2019; Li 

et al., 2024). The enhanced sensory evaluation can be attributed to the natural color, flavor and texture 

modifying properties of pumpkin which align with evolving consumer expectations for innovative and 

health promoting foods.  

 

 

6.0 Conclusions 

 

This study demonstrated that Frozen Cucurbita Puri Bread achieves its dual objectives of nutritional 

enhancement and shelf-life optimization. The incorporation of pumpkin significantly improved the 

bread’s antioxidant and phenolics while reducing moisture content. Sensory evaluations further 

confirmed consumer preference for the pumpkin formulation, underscoring its market potential. The 

project aligns with SDG 3 (Good Health and Well-being) by promoting nutrient-dense foods and SDG 

12 (Responsible Consumption and Production) by valorizing pumpkin, a frequently wasted crop. Its 

industrial scalability supports SDG 9 (Industry, Innovation and Infrastructure). Future 

Recommendations: (1) Nutritional Expansion: Analyze protein and vitamin content to strengthen health 

claims. (2) Packaging Innovation: Explore biodegradable materials to enhance sustainability. 
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