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ABSTRACT 

This study investigates the incorporation of banana peel powder 

(BPP) into bakery products, specifically bread, to enhance their nutritional 

value, sensory properties, and shelf life. Various formulations of bread were 

prepared by substituting wheat flour with 5%, 10%, and 15% banana peel 

powder. Nutritional analysis revealed that the BPP-enriched breads had 

significantly higher fiber, antioxidant activity, and vitamin C content 

compared to the control bread. At the 15% inclusion level, fiber content 

increased by 2.5%, antioxidant activity by 20%, and vitamin C by 15%, 

compared to the control bread. Sensory evaluation showed that the 15% BPP 

bread had the highest acceptability scores, with a 10% higher overall 

preference than the control in taste and texture. Microbial analysis indicated 

that all formulations were microbiologically safe, with no pathogenic growth 

detected. The shelf-life study demonstrated that banana peel-enriched breads 

had a 10% longer shelf life than the control bread, attributed to the 

antioxidant properties of banana peel. Economically, the incorporation of 

banana peel powder proved cost-effective, with no significant increase in 

production cost. The study concludes that banana peel powder is a valuable, 

sustainable ingredient that can significantly enhance the nutritional profile, 

sensory appeal, and shelf life of bakery products, offering a cost-effective 

solution for the food industry. 
 

Corresponding email- anwesa.s@srisriuniversity.edu.in 

INTRODUCTION 

Food waste has become a major global challenge, with millions of tons of edible food 

discarded annually, contributing to environmental degradation and economic losses (Kantor et 

al., 2016). A significant proportion of this waste comes from agricultural by-products, 

including fruit peels. Banana peels, typically discarded, have recently gained attention for their 

nutritional and functional properties, such as being rich in fiber, potassium, antioxidants, and 

phenolic compounds (Jiang et al., 2016; Seow et al., 2021). These bioactive components make 

banana peels an excellent candidate for food fortification, particularly in bakery products where 

nutritional value can be easily enhanced without compromising sensory attributes (Singh et al., 

2020). 

Banana peel powder (BPP) has shown promise in a variety of food applications, 

offering potential solutions to food waste while enriching products with valuable nutrients 

(Ojha et al., 2020). The incorporation of BPP into bakery products, such as bread, could not 

only improve their nutritional profile but also extend their shelf life due to the presence of 

mailto:anwesa.s@srisriuniversity.edu.in


 UTILIZING FOOD WASTE (PEELS, PULP, AND STEMS) FOR THE DEVELOPMENT 

OF NUTRIENT-RICH BAKERY PRODUCTS: A SUSTAINABLE APPROACH 

SEEJPHVolume XXV, 2024, ISSN: 2197-5248; Posted:25-10-2024 

 

2153 | P a g e  
 

antioxidants (Chakraborty et al., 2017). Despite these benefits, research on the use of BPP in 

bakery products, especially in bread, remains limited, and its effects on sensory qualities and 

overall acceptability have not been fully explored (Singh et al., 2019). This study aims to 

explore the incorporation of BPP in bread to enhance its nutritional content and sensory 

qualities, while also contributing to reducing food waste. 

. 

MATERIALS AND METHODS 

Food Waste Material Preparation 

Food waste materials such as banana peels, pumpkin pulp, and carrot stems were 

sourced from local markets. The banana peels were thoroughly washed, peeled, and dried at 

60°C for 24 hours before being ground into a fine powder using a high-speed blender. The 

pumpkin pulp was scooped from fresh pumpkins, blended into a smooth puree, and stored 

under refrigerated conditions. Similarly, the carrot stems were cleaned, chopped, and blended 

into a puree. These processed food waste materials were then incorporated into bakery products 

at concentrations of 5%, 10%, and 15%. 

 

 

Bakery Product Preparation 

To evaluate the impact of food waste materials on the nutritional and sensory characteristics 

of bakery products, control and enriched versions of bread, muffins, and cookies were prepared. 

In the enriched bakery products, a portion of the wheat flour was substituted with food waste 

powders or purees at three different concentrations (5%, 10%, and 15%). The preparation of 

each product followed a standardized method with slight modifications: 

 Bread: The control dough was prepared by mixing wheat flour, yeast, sugar, salt, and 

water. The food waste powder or puree was incorporated into the dough at the specified 

concentrations. The dough was kneaded, allowed to ferment for 1-2 hours, shaped into 

loaves, and then baked at 180°C for 25-30 minutes. 

 Muffins: For the muffin batter, wheat flour, sugar, baking powder, salt, and liquid 

ingredients (milk, eggs, and butter) were mixed. The food waste puree or powder was 

added to the dry ingredients before mixing. The batter was poured into muffin trays and 

baked at 180°C for 15-20 minutes. 

 Cookies: Wheat flour, butter, sugar, eggs, and baking soda were combined to form the 

cookie dough. Food waste powders or purees were integrated into the dough at the 

designated concentrations. The dough was shaped into cookies and baked at 170°C for 

12-15 minutes. 

Each food waste-enriched product was compared to a control product (without food waste) for 

sensory and nutritional evaluations. The formulations for the bakery products are shown in 

Table 1. 

Table 1: Ingredient Composition for Control and Banana Peel-Enriched Bread 

Ingredient Control (g) 
Banana Peel 

Bread (5%) (g) 

Banana Peel 

Bread (10%) 

(g) 

Banana Peel 

Bread (15%) 

(g) 

Wheat Flour 200 190 180 170 

Sugar 50 50 50 50 

Banana Peel 

Powder 
0 10 20 30 

Yeast 5 5 5 5 

Butter 10 10 10 10 

Water 80 80 80 80 
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Table 2: Physico-Chemical Properties of Bakery Products 

Parameter Control Bread 
Banana Peel 

Bread (5%) 

Banana Peel 

Bread (10%) 

Banana Peel 

Bread (15%) 

Moisture 

Content (%) 
30.5 29.8 28.9 28.2 

Ash Content 

(%) 
1.2 1.5 1.6 1.8 

Protein (g) 4.5 5.2 5.5 5.9 

Fat (g) 6.2 6.1 6.3 6.5 

Carbohydrate 

(g) 
42.5 41.8 41.2 40.5 

Fiber (g) 2.2 4.5 5.0 5.5 

Vitamin C (mg) 0.0 8.5 9.5 10.5 

Antioxidant 

Activity (mg/g) 
0.02 0.06 0.07 0.09 

 

Table 3: Sensory Evaluation Scores for Bakery Products 

Product Taste Texture Appearance Aroma 

Overall 

Acceptance 

(%) 

Control 

Bread 
7.2 6.8 7.0 6.5 60% 

Banana Peel 

Bread (5%) 
8.0 7.5 7.7 7.2 75% 

Banana Peel 

Bread (10%) 
8.3 8.0 8.1 7.9 80% 

Banana Peel 

Bread (15%) 
8.5 8.3 8.5 8.2 85% 

 

Table 4: Microbial Safety of Bakery Products 

Product 
Total Plate Count 

(CFU/g) 

Coliform Count 

(CFU/g) 

Mold Count 

(CFU/g) 

Control Bread 1.5 × 10³ 0 0 

Banana Peel Bread 

(5%) 
1.2 × 10³ 0 0 

Banana Peel Bread 

(10%) 
1.1 × 10³ 0 0 

Banana Peel Bread 

(15%) 
1.0 × 10³ 0 0 

 

Table 5: Shelf Life of Bakery Products 

Product Day 1 Day 3 Day 5 

Control Bread Fresh Slightly stale Stale 

Banana Peel Bread 

(5%) 
Fresh Fresh Fresh 

Banana Peel Bread 

(10%) 
Fresh Fresh Slightly stale 

Banana Peel Bread 

(15%) 
Fresh Fresh Fresh 



 UTILIZING FOOD WASTE (PEELS, PULP, AND STEMS) FOR THE DEVELOPMENT 

OF NUTRIENT-RICH BAKERY PRODUCTS: A SUSTAINABLE APPROACH 

SEEJPHVolume XXV, 2024, ISSN: 2197-5248; Posted:25-10-2024 

 

2155 | P a g e  
 

 

Figure 1: Cost Analysis of Bakery Products 

 
Table 6: ANOVA for Nutrient Content Among Bakery Products 

Nutrient 
Control 

Bread 

Banana 

Peel 

Bread 

(5%) 

Banana 

Peel 

Bread 

(10%) 

Banana 

Peel 

Bread 

(15%) 

F-Value p-Value 

Fiber (g) 2.2 4.5 5.0 5.5 12.5 0.0001 

Protein (g) 4.5 5.2 5.5 5.9 6.7 0.003 

Vitamin C 

(mg) 
0.0 8.5 9.5 10.5 27.3 0.00001 

 

Table 7: Pairwise Comparison (T-test) of Sensory Evaluation Scores 

Product 

Pair 
Taste Texture Aroma Appearance 

Overall 

Acceptance 

Control vs 

Banana Peel 

Bread (5%) 

0.02* 0.01* 0.03* 0.05 0.04* 

Control vs 

Banana Peel 

Bread (10%) 

0.01* 0.02* 0.03* 0.04* 0.05* 

Control vs 

Banana Peel 

Bread (15%) 

0.003* 0.004* 0.01* 0.02* 0.03* 

Banana Peel 

Bread (5%) 

vs (10%) 

0.11 0.14 0.12 0.10 0.15 

Banana Peel 

Bread (5%) 

vs (15%) 

0.02* 0.03* 0.02* 0.05 0.04* 

Banana Peel 

Bread (10%) 

vs (15%) 

0.05 0.06 0.07 0.09 0.11 

 

Table 8: Correlation Between Antioxidant Activity and Nutritional Parameters 
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Nutrient 
Antioxidant 

Activity (mg/g) 
Fiber (g) Protein (g) 

Vitamin C 

(mg) 

Fiber (g) 0.85** 1.00 0.72** 0.80** 

Protein (g) 0.75** 0.72** 1.00 0.65** 

Vitamin C (mg) 0.91** 0.80** 0.65** 1.00 

 

Table 9: Microbial Load Comparison for Shelf-Life Study 

Product Day 1 (CFU/g) Day 3 (CFU/g) Day 5 (CFU/g) 

Significant 

Difference (p-

value) 

Control Bread 1.5 × 10³ 2.2 × 10³ 3.0 × 10³ 0.01 

Banana Peel 

Bread (5%) 
1.2 × 10³ 1.6 × 10³ 2.0 × 10³ 0.02 

Banana Peel 

Bread (10%) 
1.1 × 10³ 1.5 × 10³ 1.9 × 10³ 0.03 

Banana Peel 

Bread (15%) 
1.0 × 10³ 1.2 × 10³ 1.5 × 10³ 0.04 

 

DISCUSSION 

The study aimed to evaluate the effects of banana peel powder incorporation into bakery 

products, focusing on physico-chemical properties, sensory attributes, microbial safety, shelf 

life, and nutritional value. The results indicate notable differences in both nutritional 

composition and sensory acceptance across the control bread and the banana peel-enriched 

breads. 

Nutritional Improvement 

As banana peel powder was added to the bread, significant improvements in fiber, 

protein, and vitamin C content were observed. The fiber content increased from 2.2 g in the 

control bread to 5.5 g in the bread with 15% banana peel powder (Table 2). Similarly, protein 

content improved from 4.5 g in the control to 5.9 g in the 15% banana peel bread. Vitamin C 

content also showed a marked increase, from 0.0 mg to 10.5 mg with 15% banana peel powder. 

These improvements were statistically significant, as confirmed by ANOVA (Table 7), where 

the p-values for fiber, protein, and vitamin C were 0.0001, 0.003, and 0.00001, respectively, 

indicating strong evidence for the nutritional benefits of banana peel powder. 

Sensory Evaluation 

Sensory scores showed an overall positive reception of the banana peel-enriched bread. 

The control bread scored 60% for overall acceptance, while the banana peel bread with 15% 

powder scored the highest at 85% (Table 3). Significant differences were observed in taste, 

texture, and aroma when comparing control bread with banana peel-enriched variants, 

particularly at higher inclusion levels. Pairwise t-test comparisons (Table 8) indicated 

statistically significant improvements in sensory attributes between control and banana peel 

breads (p-values ranging from 0.003 to 0.05). 

Microbial Safety and Shelf Life 

The microbial load for all breads remained within acceptable limits throughout the 

study. The total plate count decreased as the banana peel powder increased, with values ranging 

from 1.5 × 10³ CFU/g in the control bread to 1.0 × 10³ CFU/g in the 15% banana peel bread 

(Table 4). Moreover, the shelf-life study (Table 5) indicated that banana peel bread-maintained 

freshness for longer periods compared to the control, with the 15% banana peel bread 

remaining fresh on Day 5, while the control bread became stale. 

Cost Analysis 
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The addition of banana peel powder increased the raw material and processing costs 

slightly. The control bread cost INR 60, whereas the 15% banana peel bread cost INR 73 

(Figure 1). However, the added nutritional value and extended shelf life may justify the 

marginal increase in cost. 

Antioxidant Activity 

The antioxidant activity was significantly higher in banana peel-enriched breads. The 

control bread showed an antioxidant activity of 0.02 mg/g, while the 15% banana peel bread 

had 0.09 mg/g (Table 2), highlighting the potential health benefits of incorporating banana 

peel, which is rich in antioxidants. 

CONCLUSION 

The results from this study clearly demonstrate that incorporating banana peel powder 

into bakery products enhances their nutritional profile, particularly in terms of fiber, protein, 

and vitamin C content. Sensory evaluation also indicated improved acceptance with increasing 

levels of banana peel powder, especially for taste, texture, and aroma. Microbial safety was 

maintained, and shelf life was prolonged, with the 15% banana peel bread remaining fresh for 

a longer duration compared to the control bread. While there was a slight increase in cost, the 

added nutritional benefits and antioxidant activity make banana peel-enriched bread a 

promising alternative. Thus, this study supports the use of banana peel powder as a valuable 

ingredient for enhancing the nutritional quality of bakery products. 
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