



Enrichment of Finger Millet Frozen Dessert using Citrus Fibre as a Novel Fat Replacer
Abstract
	The use of dietary fibre as a fat replacer has gained considerable attention due to its potential to reduce the calorie content of foods, improve their texture, and provide health benefits like promoting digestive health, reducing cholesterol, and controlling blood sugar levels. Citrus fibre can be used as a fat replacer to enhance the creaminess, reduce the caloric content, and increase the fibre content, thereby making ragi-based frozen desserts a healthier option. The present study was undertaken to develop and standardise a value-added frozen dessert using finger millet (Eleusine coracana), an underutilised but nutritionally rich millet. Different trials were conducted by incorporating varying proportions of finger millet milk and concentrations of orange peel powder, followed by sensory and microbial evaluations to identify the most acceptable formulation. The quality parameters like colour, flavour, texture, taste and overall acceptability of the finger millet frozen dessert were organoleptically evaluated using a 9-point hedonic scale by a panel of 15 trained and semi-trained panellists. The sensory analysis revealed that treatment 2, containing 250 ml of finger millet milk and 1% orange peel powder, achieved the highest overall acceptability in terms of taste, texture, flavour, and colour. The study concludes that incorporating finger millet milk along with a natural flavour enhancer, such as orange peel powder, not only improves the sensory attributes but also enhances the nutritional and functional value of the frozen dessert. This standardised formulation offers a healthier alternative to conventional frozen desserts and supports the utilisation of millet and fruit byproducts in functional food development.
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Introduction
The increasing demand for healthier food products has driven significant research into the development of functional ingredients capable of improving the nutritional profile of food products without compromising sensory qualities. Among the various strategies, the use of dietary fibre as a fat replacer has gained considerable attention due to its potential to reduce the calorie content of foods, improve their texture, and provide health benefits like promoting digestive health, reducing cholesterol, and controlling blood sugar levels (Slavin, 2013).
Dietary fibres not only help in reducing the overall calorie content of foods but also play a significant role in improving texture, water-holding capacity, and stability of products (Thebaudin et al., 1997). In addition, they provide multiple health benefits, including promoting digestive health, reducing serum cholesterol levels, improving satiety, and regulating blood glucose levels (Azari et al., 2017). “Dietary fibre is also considered a macronutrient, similar to proteins, fats, and carbohydrates. The World Health Organisation, Food and Agriculture Organisation (FAO), and European Food Safety Authority (EFSA) recommend a dietary fibre intake of 25 g/day for adults, based on the amount needed for healthy laxation” (Suresh et al., 2024). Replacing fat with dietary fibres represents a sustainable and consumer-friendly strategy for developing functional, low-fat food products without compromising sensory qualities (Elleuch et al., 2011)
Citrus fibre, derived from the peel and pulp of citrus fruits such as oranges, lemons, and grapefruits, is a rich source of dietary fibre, particularly soluble fibres like pectin, and insoluble fibres. Recent studies have highlighted the potential of citrus fibre in a wide array of food applications, including bakery products, dairy, and processed meat products. Citrus fibre is especially beneficial due to its excellent water retention capacity, emulsifying properties, and ability to mimic the textural characteristics of fat, making it an ideal candidate for fat replacement in various formulations.
“Finger millet (Ragi) has both nutritional and medicinal values; hence, there is an increased interest in finger millet due to its excellent nutritional value and health benefits. Finger millet is an important millet crop in the dry hill areas of India.  It is rich in protein, calcium,  phosphorus, iron, fibre and vitamin content” (Parmar & Deshmukh, 2023). “Because of its good thickening properties, traditionally in some parts of India, it is used for the preparation of porridge” (Patel et al., 2014). “The nutritive value of finger millet is better than other cereals” (Manay and Shadaksharaswamy 2001). “Ragi has the best quality protein along with the presence of essential amino acids, vitamin A, vitamin B and phosphorus” (Gopalan et al., 2004). 

	The use of ragi (Eleusine coracana), also known as finger millet, has gained popularity in functional foods due to its rich nutritional profile, which includes high levels of calcium, iron, and dietary fibre. Ragi, being a gluten-free grain, also offers a promising base for individuals with gluten intolerance or those seeking low glycemic index foods. This crop thrives in various challenging environmental conditions, making it a valuable asset in arid and semi-arid regions due to its ability to grow in low-fertility soils. It serves as a staple food and is used as animal feed (straw) in industrialised nations and as food (grains) in developing countries (Sana, 2025; Khan et al., 2025). The challenge in using ragi-based products, however, lies in their relatively low fat content, which can impact the texture, mouthfeel, and creaminess of frozen desserts (Devi et al., 2014).
“Frozen desserts are complex food systems consisting of ice crystals, air cells, and partially coalesced fat droplets entrapped in a continuous freeze‐concentrated aqueous (serum) phase containing water, proteins, and other soluble components, such as sweeteners and stabilisers” (Soukoulis et al., 2014; VanWees et al., 2022). Frozen desserts are a popular dairy delicacy that can be enhanced with functional ingredients. Various fruit peels are already used as a fat substitute in ice cream and frozen desserts. Orange peel is a rich source of minerals, fibre and natural antioxidants, especially flavonoids (Adil et al., 2025; Okoye et al., 2018).
Combining citrus fibre with ragi in frozen dessert formulations presents an exciting opportunity for improving both the nutritional content and sensory qualities of the product. Citrus fibre can be used as a fat replacer to enhance the creaminess, reduce the caloric content, and increase the fibre content, thereby making ragi-based frozen desserts a healthier option. Furthermore, the addition of citrus fibre could help in maintaining the product's stability, preventing ice crystal formation, and improving the overall texture and shelf-life of the dessert. “Fat replacers should also be stable during storage and processing and should not interfere with the nutritional value or absorption of other food components” (Gao et al., 2024). The present study was undertaken to develop and standardise a value-added frozen dessert using finger millet (Eleusine coracana), an underutilised but nutritionally rich millet. 
Materials and method:
Fresh full creamed milk, Sugar, finger millet, corn flour and vanilla essence were purchased from local departmental stores. Condensed milk, orange peel powder, Sodium alginate and Glycerol monostearate (GMS) were purchased from an online market.
Sensory Evaluation
The quality parameters like colour, flavour, texture, taste and overall acceptability of the finger millet frozen dessert were organoleptically evaluated using a 9-point hedonic scale by a panel of 15 trained and semi-trained panels (Meilgaard et.al., 2007).
Method of preparation of Finger millet frozen dessert:  						
Take 750 ml of full cream milk in a vessel and boil it by stirring continuously until the raw smell disappears.

    100 g of overnight soaked finger millet and grind it with water to get 250ml of finger millet milk.

Then add the 250ml finger millet milk to the boiling full creamed milk and stir it continuously so as not to coagulate, and the raw smell disappears.

Take a half tablespoon of corn flour and mix it with water, and add it to the boiling milk.

Add 120g of white sugar and stir it continuously to dissolve it. (The amount of sugar can be increased or decreased according to one's preferred sweetness)

3-5% GMS (Glycerol Monostearate) can be taken in a separate bowl and mixed with a small amount of water, and added.

1-3% Sodium Alginate can be added, or a pinch of Sodium Alginate can be added
 (All these processes should be done in a low flame)

After 15 minutes, add 50ml of condensed milk and stir well for 5 minutes.
And add orange peel powder 0.5g (0.5%) and mix well to avoid clumps.

Turn off the flame and allow it to cool for 10 minutes, and add a teaspoon of vanilla essence & mix well.

Then homogenise the Mixture for 3 times (1 minute for 1 time) and
Transfer it to an Airtight plastic Container and store it in the freezer for 6 hours.

After 6 hours, homogenise and freeze it again. Repeat this process 2 to 3 times.

Finger millet frozen dessert is ready to serve.
Chart 1: The procedure for a 3:1 proportion of full creamed milk and finger millet milk  

 Results and Discussion 
[bookmark: _Hlk209512372]The present study evaluated different proportions of finger millet milk for the preparation of millet-based frozen dessert, focusing on parameters such as softness, crystal formation, lumpiness, and taste. Among the tested proportions (650 ml, 500 ml, and 250 ml), the formulation with 250 ml of millet milk exhibited superior sensory attributes, including higher softness, minimal lumpiness, reduced crystal formation, and better taste acceptance. This indicates that optimising millet milk concentration plays a crucial role in enhancing the texture and palatability of frozen desserts. Therefore, millet milk at a 250 ml proportion can be recommended as the most suitable level for developing nutritious and consumer-acceptable millet frozen desserts (Shobana et al., 2013). The proportions are given in the table below.

	MILK
PROPORTION
	SOFTNESS
	CRYSTAL
FORMATION
	LUMPINESS
	TASTE

	650 ml
	Low
	High
	High
	Low

	500 ml
	Low
	Medium
	High
	Medium

	250 ml
	High
	Low
	Low
	High


Table1. Proportion of finger millet milk used in the millet frozen dessert 
Concentration of orange peel powder used in the finger millet frozen dessert
The incorporation of orange peel powder at varying concentrations (0.5%, 1%, 1.5%, and 2%) into finger millet frozen dessert was evaluated to determine its impact on sensory qualities such as taste, colour, and flavour. Sensory evaluation revealed that moderate concentrations (particularly around 1–1.5%) provided a balanced citrus flavour, enhanced colour, and acceptable taste without imparting excessive bitterness or overpowering aroma. 
Lower concentrations (0.5%) contributed minimally to sensory enhancement, while higher concentration (2%) resulted in strong bitterness, reducing overall acceptability, the addition of orange peel powder at 1–1.5% concentration is most suitable for finger millet frozen dessert, as it not only improves sensory attributes but also enriches the product with natural bioactive compounds such as flavonoids, vitamin C, and dietary fiber (Ajila et al., 2007 and Pathak et al., 2017).

	CHARACTERISTICS
	CONTROL 
	T1 (0.5%)
	T2 (1%)
	T3 (1.5%)
	T4 (2%)

	COLOUR 
	9
	8
	8
	8
	8

	FLAVOUR 
	8
	8
	8
	8
	7

	TEXTURE 
	8
	7
	8
	7
	8

	TASTE 
	8
	7
	8
	7
	6

	OVERALL 
ACCEPTABILITY 
	8
	6
	8
	6
	6


Table 2. The sensory analysis of finger millet frozen dessert
T1 – O.5% Orange Peel Powder, T2 – 1% Orange Peel Powder, T3 – 1.5% Orange Peel Powder and T4 – 2% Orange Peel Powder
The present study investigated the effect of different proportions of millet milk and concentrations of orange peel powder on the quality of finger millet–based frozen dessert. The evaluation of sensory parameters, including colour, flavour, texture, taste, and overall acceptability, revealed that the use of 250 ml millet milk produced a soft, smooth, and palatable texture with minimal lumpiness and crystal formation, making it the most suitable proportion for frozen dessert formulation. Similarly, among the tested levels of orange peel powder (0.5%, 1%, 1.5%, and 2%), the treatment containing 1% orange peel powder (T2) achieved the highest scores in terms of flavour balance, taste, and overall acceptability.
 At this level, the citrus note enhanced sensory appeal without introducing excessive bitterness, while also enriching the product with bioactive compounds such as flavonoids, vitamin C, and dietary fibre. Therefore, the optimised formulation of millet frozen dessert consists of 250 ml millet milk and 1% orange peel powder, which together yield a product that is not only organoleptically acceptable but also nutritionally superior.
Conclusion 
      The study was carried out to develop and standardise a finger millet (Eleusine coracana) based frozen dessert by optimising the proportion of ragi milk and concentration of orange peel powder. Various formulations were prepared and evaluated through sensory testing to identify the most acceptable product. Based on the sensory evaluation, T2, containing 250 ml of ragi milk and 1% orange peel powder, received the highest overall acceptability in terms of flavour, texture, colour, and taste. The incorporation of orange peel powder at this concentration not only enhanced the sensory qualities but also contributed functional bioactive compounds such as flavonoids, vitamin C, and dietary fibre, thereby improving the nutritional value of the dessert.
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