Millet Milk Yoghurt: A Novel Probiotic Product Using Finger and Pearl Millet
Abstract 
Millets are small seeded grains that are available in different varieties worldwide. Cereal grains are the most important source of food worldwide and play a significant role in the human diet. Yoghurt is a fermented dairy product, which is recognised for its probiotic benefits, due to the presence of lactic acid bacteria (LAB), such as Lactobacillus bulgaricus and Streptococcus thermophilus, and nutrition available in milk, providing more health benefits to improve human health. This study presents a novel approach for incorporating finger millet (FM) and pearl millet (PM) into traditional yoghurt formulations. Millets were incorporated into the yoghurt formulation in the form of millet milk. The grains were soaked in water at a ratio of 1:3 to facilitate millet milk extraction. Millets were incorporated in two forms, FM and mixed millet (MM), in a 1:1 ratio of FM to PM. For FM yoghurt, the ratios of full cream milk (FCM) to FM milk were 4:1 and 5:1, and in the case of MM yoghurt, the FCM to MM milk ratios tested were 3:1, 4:1, and 5:1, with 2 g of culture at 40-42℃ for 4 h. Based on sensory evaluation, the optimal formulations were found to be 5:1 for FM yoghurt and 3:1 for MM yoghurt. Chemical analysis revealed that FM yoghurt contained 6.2% fat, 11.36% protein, and 2% ash, whereas MM yoghurt contained 8.7% fat, 11.67% protein, and 2.56% ash. Millet incorporation significantly enhanced the nutrient profile, texture, and flavour of yoghurt. Overall, the developed yoghurt will improve the bioavailability, fibre, and protein, and serve as a functional probiotic beverage.
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1. Introduction
Millets are small seed cereal grains that have been cultivated and consumed by the peoples across Asia and Africa for centuries. They are usually overlooked, but they are nutritionally superior to many main cereals like rice and wheat. Millets such as finger millet (FM), pearl millet (PM), foxtail millet, and kodo millet offer high levels of calcium, iron, fiber and essential amino acids. FM contains thirty times more calcium than the mainstream cereals, rice and the iron content in foxtail and little millet surpasses many common cereals (Kavi et al., 2021). Because of these characteristics, millets are often referred as “nutricereals”.
[bookmark: _Hlk202963166]In India, millets are widely grown and consumed. They are considered vital to the nation’s food and national security. These grains have short growing periods, thrive in dry, low fertile soil and are resilient under harsh climate conditions, making them an important crop for sustainable agriculture in semi-arid and arid regions (Mukherjee et al., 2025). Despite having these advantages, millets remain highly underutilized in mainstream food processing, especially in functional foods.
Milk is a complete food and has been used as a food source for ages (Kamaleeswari et al., 2025). Milk is an excellent source of fat, protein, vitamins and minerals (Arulkumar et al., 2024). India is the world’s largest milk producers contributing 25% of global milk production (DAHD, 2025). The presence of lactose in milk not only provides energy but also acts as a fermentable sugar for lactic acid bacteria during yoghurt production.
Yoghurt is a fermented dairy probiotic drink, containing beneficial LAB which help in maintaining gut health by balancing intestinal microflora and suppressing harmful bacteria. As awareness on probiotics grows, yoghurt is becoming an integral part of worldwide diet. Fermentation has a positive impact in millets, as scientific attention has shifted towards traditional fermentation of foods, particularly millet-based food, due to their synergistic nutritional and probiotic benefits (Kumari et al., 2024). Fermentation enhances not only the sensory quality but also improves the bioavailability of nutrients, leading to reduction in anti-nutritional factors like phytic acid and extends shelf life.
Integrating millets with yoghurt offers a novel and innovative approach to developing health-focused dairy beverages. This aligns with the increasing value of functional foods by combining the nutrition of traditional ingredients with modern health benefits. Hence, this study aimed to utilize Finger Millet and Pearl Millet to develop two types of functional yoghurt, in both set and stirred forms, and further characterize them in terms of nutritional and sensory evaluation of the developed product.
2. Materials and Methods
2.1 Materials Used 
Full cream milk, Finger Millet and Pearl Millet were purchased from a local supermarket in Chennai, Tamil Nadu. The culture used for yoghurt preparation was DANISCO culture, which contains Streptococcus thermophilus and Lactobacillus bulgaricus, known for imparting traditional yoghurt flavor.
2.2 Experimental Design
The experimental design for developing millet-based yoghurt focused on standardizing the formulation through sensory evaluation. Various combinations of FM milk, PM milk, and FCM were tested along with sugar and a selected lactic acid bacterial culture. The prepared yoghurt was packed in thermoformed plastic cups with rigid lids.
2.2.1 Standardization
Different ratios of FCM, FM milk, and PM milk were formulated, and each blend was supplemented with sugar and culture. The mixtures were allowed to ferment under controlled conditions. Following fermentation, the samples underwent sensory evaluation by a panel of semi trained participants from the College of Food and Dairy Technology (CFDT), Chennai, Tamil Nadu to determine the most acceptable composition.
2.3 Preparation of Yoghurt
2.3.1 Extraction of Millet Milk
FM and PM were weighed in different ratios and soaked overnight in a ratio of 1:3 at room temperature. The soaked millets were then finely ground using a mixer. The resulting mixture was filtered using a sieve and pressed to extract millet milk, separating it from the solid mass (retentate) as illustrated in Fig. 1.
2.3.2 Preparation of Yoghurt Pre-Mix
The yoghurt pre-mix for FM yoghurt was prepared using FCM and FM milk in the ratios of 4:1 and 5:1. In contrast, MM milk was formulated by combining FM and PM milk in a 1:1 ratio. The yoghurt pre-mix for MM yoghurt was then prepared by blending FCM with MM milk in the ratios of 3:1, 4:1, and 5:1. All formulations were stirred thoroughly for a specific period of time to ensure uniform mixing.
2.3.3 Pasteurization of Yoghurt Pre-Mix	
The yoghurt pre-mix was pasteurized in a double-jacketed vessel surrounded by steam or hot water. Continuous stirring was carried out during pasteurization to prevent clumping or blockage. The mix was heated to 90–95°C and held for approximately 5 minutes (Hovjecki et al., 2021). It was observed that above 60°C, the millet milk underwent complete gelatinization, resulting in a uniformly smooth and viscous yoghurt pre-mix as shown in Fig. 2.
2.3.4 Sugar Addition and Culture Inoculation
Sugar was added to the pasteurized yoghurt pre-mix at a concentration of 7%. After cooling the pre-mix to 45 °C, 2 g of DANISCO culture (Streptococcus thermophilus and Lactobacillus bulgaricus) was added and gently mixed to ensure uniform distribution.
2.3.5 Packaging and Incubation
The yoghurt mix was then packed in 100 ml thermoformed HIPS cups, sealed with aluminum laminate closures. The sealed cups were incubated at 37 °C for 4 - 6 hours (Dewi & Purnamayat., 2021). The texture, taste, flavor, and setting of the yoghurt typically developed within 4 hours due to coagulum formation, which occurs as a result of acid production by the starter organisms (pH of the coagulum: 4.2 - 4.6), as illustrated in Fig. 3.
2.3.6 Handling of Set and Stirred Yoghurt
The set-type yoghurt was retained in the packaging cups and subjected to refrigeration. For the stirred-type yoghurt, the set yoghurt was stirred using a mechanical stirrer or homogenizer to obtain a drinkable consistency. After stirring, 100 ml of the yoghurt was poured into new packaging cups. Finally, the product was refrigerated at a temperature below 5 °C (Li et al., 2021). The chilled product was then ready for serving.
2.4 Analytical Procedures
2.4.1 Fat Estimation 
A 100 g sample was taken in a beaker, and 5 ml of strong ammonia was added. The mixture was shaken thoroughly to ensure uniformity. The butyrometer was washed and filled with 10 ml of Gerber acid, followed by the addition of 10.75 ml of the prepared sample and 1 ml of amyl alcohol. The butyrometer was sealed with a rubber stopper and centrifuged at 110 rpm for 5 min. After centrifugation, the fat column was adjusted within the calibrated scale of the butyrometer.
2.4.2 pH Determination
The pH of the products was determined using a digital pH meter (LABINDIA) equipped with a glass electrode. Prior to measurement, the pH meter was standardized using standard buffer solutions of pH 4 and 7 (Bharrdwaj., 2022).
2.4.3 Acidity
Acidity was determined by titration using 0.1 N standard sodium hydroxide and phenolphthalein as an indicator. The titratable acidity was determined using equation (1) (Kılıç et al., 2022):
Equation 1:

where:
V = volume of NaOH required for titration (ml)
N = normality of NaOH solution
W = weight of the sample (g)
(Ref: IS 1166 – 1973, Bureau of Indian Standards, New Delhi)
2.5 Sensory Evaluation
Sensory evaluation was conducted using panel of semi trained participants. The objective was to determine the most acceptable formulation of the yoghurt based on consumer preferences. Samples with varying ratios of FCM and millet milk were presented for evaluation. A nine-point hedonic scale was used, ranging from 1 (disliked extremely) to 9 (liked extremely), to assess the overall acceptability of the products (Di Stefano et al., 2017, Vithun et al., 2024). Based on the results, the formulations selected were 5:1 (FCM to FM milk) for FM yoghurt and 3:1 (FCM to MM milk) for MM yoghurt.
3. Result and Discussion 
A study was conducted to develop and evaluate millet-based yoghurt products using standard procedures. The uniqueness of this study lies in the incorporation of finger millet and pearl millet into yoghurt formulation.
3.1 Standardization of FM and PM Milk Yoghurt
Yoghurt mixes were formulated using extracted FM and MM milk at varying incorporation levels. For FM yoghurt, FM milk was added to FCM at 17 % and 20 % levels. For MM yoghurt, FM and PM milk were mixed equally and incorporated at 17%, 20%, and 25% levels. Based on sensory evaluation, formulations containing 17% FM milk and 25% MM milk were found most acceptable and hence standardized as mentioned in Table 1. The formulation also required less added cane sugar (5%) compared to normal yoghurt (10%), while maintaining enhanced probiotic activity due to the presence of both milk sugar and millet-derived sugars. 
3.2 Physico-chemical Composition of Yoghurt
The physico-chemical composition of millet yoghurt depends on the type and concentration of milk used, as well as the fermentation conditions employed during its preparation. The level of starter culture addition also influences the physico-chemical and sensory properties of the final yoghurt. Table 2 presents the physico-chemical composition of both FM and MM yoghurt. During storage, a significant increase in acidity and a corresponding decrease in pH were observed. This trend aligns with the findings of Anwar et al., (2025). The reduction in pH may be attributed to lactose metabolism by lactic acid bacteria, leading to increased acid production in the medium. Fermentation of finger millet milk led to a two-fold increase in total sugars, a 13-fold rise in reducing sugars, and a 10-fold increase in free amino acids, contributing to the nutritional enrichment of the final product. Additionally, lactic acid fermentation of pearl millet was found to reduce phytic acid levels while increasing phosphorus content (Vila et al., 2022). Harinivenugopal and Arunkumar H (2025) reported that incorporation of foxtail millet and curcumin in yoghurt enhanced sensory   properties,   including   improved   body, texture, and flavor.  
3.3 Sensory Quality Evaluation
Three yoghurt formulations, namely normal, FM, and MM were evaluated for its parameters such as texture, sweetness, acidity, appearance, and overall acceptability. The FM and MM samples were formulated with 17% and 25% millet content respectively. Sensory evaluation revealed that both millet-based yoghurts scored favorably across all attributes, with notable improvement in overall acceptability compared to the control. In terms of texture, set yoghurt prepared with millets displayed improved slicing properties and a soft, glossy appearance owing to increased solids. Notably, FM recorded an overall acceptability score of 9, MM scored 8, and the control had a score of 7, highlighting a clear preference for millet-based formulations. This research result aligned with Ashwin et al., (2024). The comparative sensory scores for all three formulations are depicted in Fig. 4 for clearer interpretation.
4. Conclusion
In this study, we successfully developed and evaluated a novel fermented dairy product by incorporating FM and MM milk into traditional yoghurt. The market for fermented milk products is rapidly expanding, with India converting approximately 9% of its total milk production into these products at an annual growth rate of over 20%. Milk yoghurt is a nutrient-dense food that is rich in essential nutrients, including carbohydrates, proteins, minerals, and vitamins. Its antioxidant and health-promoting qualities are enhanced when mixed with millet, making it especially advantageous for individuals with metabolic disorders. This study aimed to develop yoghurt using finger and pearl millet. The findings revealed that fat content of FM and MM yoghurt was 6.2% and 8.7%, respectively. The incorporation of millet enhanced the flavour and sensory appeal of yoghurt. Products formulated with 17% FM and 25% MM exhibited the highest acceptability. Both acidity and pH remained within the standard limits, with an expected increase in acidity and decrease in pH over time. Millet yoghurt also has a higher protein content owing to the combined protein contribution from both milk and millet.


Figures
Fig. 1: Filtration and Extraction of Millet milk 
[image: ]
Fig. 2: Pasteurization of Millet Milk
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Fig. 3: Packaging and Incubation of Millet Yoghurt
[image: ]
Fig. 4: Sensory Evaluation of Control, FM, and MM Yoghurt
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Tables
Table 1: Standardized Formulations of Control, FM, and MM Yoghurt
	Si.no
	Constituents
	Control
	FM yoghurt
	MM yoghurt

	1
	Milk
	88%
	83%
	75%

	2
	Finger millet milk
	-
	17%
	12.5%

	3
	Pearl millet milk
	-
	-
	12.5%

	4
	Sugar
	10%
	7%
	7%

	5
	Culture
	2%
	2.5%
	2.5%



[bookmark: _GoBack]Table 2: Physico-Chemical Composition of FM and MM Yoghurt
	Constituents
	FM (%)
	MM (%)

	Fat
	6.2%
	8.7%

	Acidity
	0.67% of LA
	0.74% of LA

	Protein
	11.36%
	11.67%

	Ash
	2%
	2.56

	pH
	4.65
	4.5
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