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ABSTRACT

The present study was undertaken to develop value-added granola bars using pomegranate
peel powder and to evaluate their nutritional composition, antioxidant activity, and sensory
acceptability. Pomegranate peel, a major by-product of fruit processing, is rich in dietary
fiber, polyphenols, flavonoids, and antioxidant compounds, making it a suitable functional
ingredient for food fortification. Granola bars were prepared using foxtail millet, rolled oats,
pomegranate peel powder, almonds, cashew nuts, pumpkin seeds, and jaggery. The
ingredients were processed, blended, and formulated into granola bars, which were
subsequently subjected to sensory evaluation and nutrient analysis. Sensory evaluation was
conducted among 50 semi-trained panelists using a hedonic scale to assess appearance,
colour, taste, texture, and overall acceptability. The results indicated good consumer
acceptance, with an overall acceptability score of 4.04. Statistical analysis revealed that the
product was significantly accepted (p < 0.05). Nutritional analysis showed that the developed
granola bars contained 420 kcal energy, 10.5 g protein, 14.0 g fat, 60.0 g carbohydrate, 8.0 g
dietary fiber, and 5.5 g moisture per 100 g. Antioxidant activity determined by the DPPH
radical scavenging assay exhibited 68% inhibition, indicating strong antioxidant potential due
to the incorporation of pomegranate peel powder. The findings demonstrate that pomegranate
peel powder can be effectively utilized as a value-added functional ingredient in granola bars,
enhancing their nutritional quality and antioxidant properties while maintaining consumer
acceptability. The developed product has potential as a healthy and convenient snack suitable

for health-conscious consumers.
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INTRODUCTION

The increasing prevalence of lifestyle-related disorders such as obesity, diabetes,
cardiovascular diseases, and chronic inflammatory conditions has led to a growing interest in
foods that provide health benefits beyond basic nutrition. Consumers are becoming more
conscious of their dietary choices and are seeking convenient, nutritious, and functional food
products that can support overall health and well-being. Functional foods are defined as foods
that offer physiological benefits and help reduce the risk of chronic diseases due to the
presence of bioactive compounds [ The development of functional snack products has
emerged as an important area of research in food science and nutrition, as these products
provide an effective means of delivering health-promoting ingredients in a convenient form
[3].

Food product development is a systematic and multidisciplinary process involving the
creation, formulation, testing, and commercialization of innovative food products. The
process begins with the identification of consumer needs and market opportunities, followed
by product formulation, evaluation, optimization, and commercialization. A successful food
product should possess desirable sensory qualities, nutritional value, safety, shelf stability,
and consumer acceptability [*]. In recent years, the incorporation of natural bioactive
ingredients into food products has gained considerable attention due to increasing consumer
demand for healthier alternatives to conventional snacks [

Among various functional snack products, granola bars have become increasingly popular
because of their convenience, portability, and nutritional benefits. Granola bars are ready-to-
eat products typically prepared from cereals, oats, nuts, seeds, dried fruits, and natural
sweeteners. These ingredients provide essential macronutrients such as carbohydrates,
proteins, fats, and dietary fiber, along with micronutrients and bioactive compounds [®*
Granola bars are considered an excellent vehicle for incorporating functional ingredients due
to their versatility and wide consumer acceptance !} Furthermore, they offer a healthier
alternative to highly processed snack foods that are often rich in refined sugars and unhealthy
fats 1)

Pomegranate (Punica granatum L.) is a fruit-bearing plant belonging to the family Lythraceae
and has been widely cultivated in tropical and subtropical regions of the world. The fruit has

been used for centuries in traditional medicine owing to its therapeutic properties. Various
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parts of the pomegranate, including the peel, seeds, juice, and arils, contain numerous
bioactive compounds that contribute to its health-promoting effects °]. Pomegranate is
particularly rich in polyphenols, flavonoids, tannins, anthocyanins, and other phytochemicals
that exhibit strong antioxidant, anti-inflammatory, antimicrobial, and anticancer activities !°].
These compounds help neutralize free radicals, reduce oxidative stress, and protect the body
against various chronic diseases ['].

Pomegranate peel, which constitutes approximately 40-50% of the fruit weight, is considered
a valuable by-product of the juice processing industry. Although often discarded as waste, the
peel contains higher concentrations of phenolic compounds and antioxidants than many other
parts of the fruit ['2]. Studies have reported that pomegranate peel powder contains
substantial amounts of dietary fiber, carbohydrates, minerals, and bioactive compounds [*].
The high total phenolic and

flavonoid contents of pomegranate peel contribute significantly to its antioxidant potential
['%]. The utilization of pomegranate peel powder in food products not only enhances their
nutritional and functional properties but also promotes sustainable food processing practices
by reducing agricultural waste [%].

Oats (Avena sativa L.) are another important functional ingredient widely recognized for their
nutritional and health benefits. Oats are rich in dietary fiber, particularly B-glucan, which has
been associated with cholesterol reduction, improved glycemic control, and enhanced gut
health ['6]. In addition, oats contain proteins, vitamins, minerals, and unique antioxidants
known as avenanthramides that exhibit antioxidant activities ['”" Regular consumption of
oats has been linked to a reduced risk of cardiovascular diseases and improved metabolic
health ['®]. Due to their excellent nutritional profile and functional properties, oats are
commonly incorporated into health-oriented food products, including granola bars [
Jaggery is a traditional natural sweetener produced from concentrated sugarcane juice. Unlike
refined sugar, jaggery retains several minerals, vitamins, and phytochemicals that contribute
to its nutritional value [*°]. It is known to contain iron, calcium, potassium, and antioxidant
compounds, making it a healthier alternative to refined sweeteners [?!]. Its natural sweetness
and binding properties make it an ideal ingredient for granola bar formulations [*%].

The combination of pomegranate peel powder, oats, and jaggery offers a unique opportunity
to develop a value-added snack product with enhanced nutritional and functional properties.
Pomegranate peel powder contributes dietary fiber and antioxidant compounds, oats provide

essential nutrients and B-glucan, while jaggery serves as a natural sweetener with additional
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nutritional benefits [>}]. Together, these ingredients can produce a granola bar that is
nutritionally superior and rich in bioactive compounds [>**

Therefore, the present study focuses on the development and nutrient analysis of value-added
granola bars formulated using pomegranate peel powder. The study aims to evaluate the
nutritional composition, antioxidant activity, sensory acceptability, and overall quality
characteristics of the developed granola bars. By utilizing natural and functional ingredients,
the research seeks to develop a convenient and health-promoting snack product that meets the
growing consumer demand for nutritious foods while contributing to sustainable utilization of

fruit processing by-products 2>}

MATERIALS AND METHODS

Research Design

The present study was carried out using an experimental research design to develop value-
added granola bars incorporating pomegranate peel powder and to evaluate their sensory,
nutritional, and antioxidant properties.

Selection of raw materials

The raw materials used for the preparation of granola bars, namely foxtail millet, rolled oats,
almonds, cashew nuts, pumpkin seeds, jaggery, and fresh pomegranates, were taken from
local markets. All ingredients were selected based on their quality and suitability for product
development.

Preparation of Pomegranate Peel Powder

Fresh pomegranates were washed thoroughly under running water to remove dirt and
impurities. The peels were separated manually, cut into small pieces, and subjected to sun
drying for 5-6 days until a constant weight was obtained. The dried peels were ground using
a mixer grinder and sieved to obtain a fine powder. The prepared pomegranate peel powder
was stored in airtight containers until further use.

Formulation and Preparation of Value-Added Granola Bars

Foxtail millet, rolled oats, almonds, cashew nuts, and pumpkin seeds were cleaned and
roasted separately to enhance flavour and reduce moisture content. Jaggery syrup was
prepared by dissolving jaggery in a small quantity of water and heating until a uniform
consistency was achieved. The roasted ingredients were mixed thoroughly with pomegranate
peel powder, and the jaggery syrup was added as a binding agent. The mixture was blended

uniformly and transferred into a greased tray. The mixture was pressed evenly, allowed to
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cool and set, and then cut into rectangular bar-shaped pieces. The prepared granola bars were

packed in airtight containers for further analysis.

Flow chart of Millet granola bar
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l
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!

Preparation of Pomegranate Peel Powder
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Roasting of Foxtail Millet, Oats,

Almonds, Cashew Nuts and Pumpkin Seeds

!
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|
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Addition of Pomegranate Peel Powder

!
Uniform Blending
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Moulding and Pressing

l
Cooling and Setting
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Cutting into granola bars

!

Packaging and storage

Sensory Evaluation

The developed granola bars were subjected to sensory evaluation by 50 semi-trained
panelists. The samples were evaluated for appearance, colour, flavour, taste, texture, and
overall acceptability using a five-point hedonic rating scale. The sensory scores obtained

were statistically analyzed to determine the acceptability of the product.

Nutritional Analysis

The nutritional composition of the developed value-added granola bars was determined using
standard analytical procedures. Energy value was calculated and expressed as kcal per 100 g
of product. Protein content was determined by the Kjeldahl method. Total fat content was
analyzed according to AOAC Method 920.39, while dietary fiber was estimated using AOAC
Method 985.29. Moisture content was determined by the oven drying method. Total

Copyright@ Page 5



InternationalJournal Research Publication Analysis

carbohydrate content was calculated by difference. All analyses were expressed on a 100 g

basis of the developed granola bars.

Determination of Antioxidant Activity

The antioxidant activity of the developed granola bars was assessed using the DPPH (2,2-
Diphenyl-1-picrylhydrazyl) radical scavenging assay. The sample extract was mixed with
DPPH solution and incubated under dark conditions. The absorbance was measured using a
spectrophotometer, and the percentage inhibition of free radicals was calculated to determine
antioxidant activity.

Statistical Analysis

The data obtained from sensory evaluation and analytical studies were compiled and analyzed
using appropriate statistical methods. Descriptive statistics such as mean and percentage were
calculated, and a one-sample t-test was used to determine the significance of sensory

acceptability. A significance level of p < 0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Sensory Evaluation of Value-Added Granola Bars

Sensory evaluation was conducted among 50 semi-trained panelists to assess the acceptability
of the developed granola bars based on appearance, colour, taste, texture, and overall
acceptability using a 5-point hedonic scale. The developed granola bars received favourable
sensory scores, indicating good consumer acceptance. The majority of respondents rated the
appearance, colour, taste, and texture as "very good" to "excellent". Overall acceptability
scores revealed that 58% of the panelists assigned a score of 4, while 24% assigned the
highest score of 5, demonstrating a high level of preference for the developed product. The
positive sensory scores may be attributed to the balanced combination of oats, foxtail millet,
nuts, seeds, jaggery, and pomegranate peel powder, which contributed to desirable flavour,
texture, and appearance. The findings indicate that incorporation of pomegranate peel powder
did not adversely affect the sensory characteristics of the granola bars and was well accepted

by consumers.
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Nutritional Composition of Granola Bars

The nutritional composition of the developed value-added granola bars is presented in Table
1. The product exhibited a balanced nutritional profile with an energy value of 420 kcal/100
g, protein content of 10.5 g/100 g, total fat of 14.0 g/100 g, carbohydrate content of 60.0
g/100 g, dietary fiber of 8.0 g/100 g, and moisture content of 5.5 g/100 g. The relatively high
energy content may be attributed to the presence of oats, millet, nuts, seeds, and jaggery,
which provide carbohydrates and healthy fats. The protein content reflects the contribution of
oats, almonds, cashew nuts, and pumpkin seeds. The dietary fiber content exceeded the
recommended minimum level for fiber-enriched snack products, indicating the beneficial
contribution of pomegranate peel powder and millet. Furthermore, the low moisture content
suggests improved shelf stability and reduced susceptibility to microbial spoilage during

storage.

TABLE- 1 Nutritional Composition of Granola Bars from Laboratory Analysis.

S. TEST UNIT OF TEST METHOD TEST LIMITS
NO PARAMETER | MEASUREMENTS RESULTS
1 Energy Kcal/100g Calculation 420 kcals/100g | 380-450
2 Protein 2/100g Kjeldahl Method 10.5 g/100g >8.0
3 Total fat g/100g AOAC 920.39 14.0 g/100g 10-20
4 Total g/100g By Calculation 60.0 g/100g _
carbohydrates
5 Dietary fiber g/100g AOAC 985.29 8.0 g/100g >5.0
6 Moisture content Oven Drying 5.5 g/100g <8.0
g/100g Method
7 Antioxidant DPPH Radical 68% >5.0
activity (DPPH) % Scavenging Assay
Copyright@ Page 7
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Antioxidant Activity

The antioxidant activity of the developed granola bars was determined using the DPPH
radical scavenging assay. The product exhibited 68% inhibition, indicating strong antioxidant
potential. The high antioxidant activity can be attributed primarily to the incorporation of
pomegranate peel powder, which is rich in polyphenols, flavonoids, tannins, and other
bioactive compounds. These compounds possess the ability to donate hydrogen atoms or
electrons to neutralize free radicals, thereby reducing oxidative stress. The results suggest that
the developed granola bars can serve as a functional snack product with enhanced antioxidant
properties. Similar findings have been reported in previous studies where incorporation of
pomegranate peel powder significantly increased the antioxidant capacity of cereal-based

snack products.

Overall Product Evaluation

The overall findings of the study demonstrate that the developed value-added granola bars
possess desirable sensory characteristics, balanced nutritional composition, and significant
antioxidant activity. The incorporation of pomegranate peel powder enhanced the functional
quality of the product by increasing dietary fiber and antioxidant potential without
compromising consumer acceptability. In addition, the utilization of pomegranate peel
contributes to sustainable food processing practices through the value addition of fruit-
processing by-products. Therefore, the developed granola bars may be considered a nutritious
and convenient snack suitable for health-conscious consumers seeking functional food

alternatives

CONCLUSION

It is concluded that the value-added granola bars developed using pomegranate peel powder
were highly acceptable in terms of appearance, colour, taste, texture, and overall
acceptability. The developed product exhibited good nutritional quality with appreciable
amounts of energy, protein, dietary fiber, and healthy fats, along with significant antioxidant
activity. The incorporation of pomegranate peel powder enhanced the functional and
nutritional properties of the granola bars without adversely affecting sensory characteristics.
Therefore, pomegranate peel powder can be effectively utilized as a value-added functional
ingredient in granola bar formulations, providing a nutritious and convenient snack while

promoting the sustainable utilization of fruit processing by-products.
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