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Development and Evaluation of Functional Buttermilk enriched with Foxtail millet (Setaria italica), Rock Salt, and Black Cumin (Nigella sativa) 
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ABSTRACT 

	Aims: The study aimed to develop and evaluate functional buttermilk fortified with foxtail millet, rock salt, and black cumin to enhance its nutritional, functional, and sensory qualities.
Study design:  Development of Functional Buttermilk enriched with functional ingredients and its analysis.
Place and Duration of Study: The study was carried out at the Department of Dairy Technology, Dairy Science College, Bengaluru, Karnataka, India, during the period from December 2024 to September 2025.
Methodology: Cow milk (fat 3.5%, SNF 8.5%) was inorporated with foxtail millet flour at 5%. Then subjected to heat treatment at 90 °C for 5 minutes, followed by cooling to 37 °C. The milk was then inoculated with 2% Lactococci culture and incubated at 37 °C for 4–5 hours to allow the setting of millet enriched curd. The set curd was broken using agitators, and water was added in a 1:1.5 ratio. Followed by, rock salt was incorporated at 1.0%, along with black cumin seed powder at 1.0%. The optimized product was then analysed for its techno functional attributes and microbiological quality.
Results: The optimized functional buttermilk contained 5% foxtail millet, 1% rock salt and 1% black cumin seed powder achieved highest overall acceptability (8.45), then control (8.06). The optimized functional buttermilk contained 1.82% fat, 2.42% protein, 92.8% moisture, 7.2% total solids, 1.36% ash, and 0.49% fiber. It showed 0.40%LA acidity and 61.4% DPPH antioxidant activity, 12.40 cP viscosity, 0.920 water activity, and colour values L* 66.07, a* –0.40, b* 4.30. Coliforms, yeast, and molds were nil.
Conclusion: The developed functional buttermilk with 5% foxtail millet, 1% rock salt, and 1% black cumin seed powder showed improved sensory, physicochemical, and antioxidant properties, higher viscosity, lower water activity, and no microbial contamination, making it nutritionally superior, microbiologically safe, and highly acceptable as a functional dairy beverage.
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 1. INTRODUCTION 
Buttermilk is similar in composition to skim milk except of having high levels of phospholipids due to the presence of milk fat globule membrane which is separated from fat globule during butter making. Milk fat globule membrane is recovered in buttermilk along with proteins and water-soluble lactose and minerals. buttermilk has great ability for development of functional beverages due to the presence of protein, phospholipids, and minerals which are helpful in prevention of diseases such as heart diseases, diabetes, cancer, etc. (Mudgil et al., 2016).
Buttermilk is the nearly milk fat-free fluid remaining from the butter-making process (i.e. the churning fermented or non-fermented milk and cream) and buttermilk is also produced by fermentation of fluid skim milk, either by spontaneous souring by the action of lactic acid-forming or aroma-forming bacteria, or by inoculation of heated milk with pure bacterial cultures (cultured buttermilk). Buttermilk may be pasteurized or sterilized (FSSR, 2023).
Foxtail millet (Setaria italica) has been identified as a minor millet in terms of worldwide production, as it is the second highest yielding grain. It is one of the easily cultivated cereal grains belonging to the Setaria genus of Poaceae family and subfamily Panicoideae (Wandhekar et al., 2021). Foxtail millet is a highly nutritious, gluten-free, and non-acid-forming food which is easy to digest. It is a low glycemic index (GI-59) food, so it may be an ideal food for celiac diseases and diabetes patients (Ramashia et al.,2019).
Rock salt is known as Saindhava lavana. In English it is called as Himalayan pink salt. Salt is also used extensively in cooking as a flavour enhancer and it consists of 95-98per cent sodium chloride, 2-4per cent polyhalite (potassium, calcium, magnesium, sulphur, oxygen, hydrogen), 0.01per cent fluoride, 0.01per cent iodine and small amounts of numerous trace minerals. Crystallized rock salt contains 84 of the 92 trace elements (Sarker, 2016).
Black cumin (Nigella sativa) seeds are rich in bioactive compounds, thereby Thymoquinone (TQ) generally known as TQ (C10H12O2), 5-isopropyl-2-methyl-1,4-benzoquinone is the most important bioactive compound of black cumin seeds (Yimer et al., 2019). The black cumin seeds are also reported to possess versatile pharmacological activities such as antioxidant, antibacterial, antifungal, antiviral, anticancer, anti-inflammatory, anti-diabetic, anti-obesity, analgesic, antipyretic, antiproliferative, antihypertensive, and anti-insecticidal activities (Hannan et al., 2021).
According to World Health Organization (WHO), about 80per cent of world population depends on conventional medicine, which uses plant extracts or phytochemicals to treat several diseases. With the developments in the field of nutrition, there is an increasing interest in herbs and medicinal plants as phytochemicals-rich sources for functional foods, nutraceuticals and drugs. The demand for extracting plants phytochemicals, oils, and bioactive compounds has recently increased due to the beneficial roles played by different bioactive phytochemicals. (Hassanien et al. 2015).
This study aimed to evaluate the developed functional buttermilk enriched with value-added functional ingredients, including foxtail millet (Setaria italica), rock salt, and black cumin seed powder (Nigella sativa), which enhanced its nutritional profile and sensory appeal. The research focused on assessing the techno-functional characteristics of the final product, including sensory, physicochemical, rheological, and microbial attributes.

2. material and methods

2.1 Materials
Fresh cow milk was procured from the Students Experimental Dairy Plant (SEDP) of Dairy Science College, Hebbal, Bengaluru. The curd culture (standard lactic culture) was obtained from the Department of Dairy Microbiology, Dairy Science College, KVAFSU, Hebbal, Bengaluru. Foxtail millet was procured from MILLE, manufactured by Functional & Innovative Foods Pvt. Ltd., Andipalayam Village, Namakkal, Tamil Nadu. Rock salt was procured from NATURAL TATTVA, manufactured by Mehrotra Consumer Products Pvt. Ltd., Gautam Buddha Nagar, Uttar Pradesh. Black cumin seeds were obtained from NATURE YARD, manufactured and marketed by AVMK Enterprises, New Govind Pura, Krishna Nagar, Delhi.
2.2 Methods
The buttermilk was prepared as described by Gandhi et al. 2018with slight modification. Based on the preliminary trials, while the optimization of ingredients focused on varying levels of foxtail millet at 5%, 7.5%, and 10%; rock salt at 0.5%, 1.0%, and 1.5%; and black cumin seed powder at 1.0, 1.5, and 2.0%, as determined by sensory evaluation. 
In the preparation of the development of functional buttermilk enriched with foxtail millet, Fresh cow milk was incorporated with 5% foxtail millet flour and subjected to heat treatment at 90 °C for 5 minutes, followed by cooling to 37 °C. The milk was then inoculated with 2% active starter culture (Lactococci) and incubated at 37 °C for 4–5 hours for the setting of millet curd. The set curd was subsequently broken using agitators, and pasteurized water was added in a 1:1.5 ratio. Rock salt was added at 1.0%, followed by the addition of black cumin seed powder at 1.0%. All the ingredients were blended to obtain the final product — functional buttermilk. The prepared functional buttermilk was then packed in polyethylene terephthalate (PET) bottles and stored under refrigerated conditions (4 ± 1 °C).
A detailed process flowchart (Fig. 1) outlines the production steps and experimental framework employed in this study.
2.3 Sensory Evaluation 
The sensory characteristics of the developed functional buttermilk were assessed by six sensory panelists using a 9-point hedonic scale ranging from 1 (disliked extremely) to 9 (liked extremely). Each sample was coded with a random three-digit number to ensure blind testing, and a controlled environment was maintained to minimize external influences. The panelists assessed the functional buttermilk for its colour and appearance, flavour, body and texture, and overall acceptability at refrigeration temperature (4±1°C).
2.4 Assessment of techno functional and quality attributes for developed functional buttermilk
The developed functional buttermilk was analyzed for various physicochemical parameters using standard procedures as prescribed in IS: SP 18 (Part XI) 1981. The acidity in % Lactic Acid (%LA) determined by (titration method), while the fat content was estimated by (ether extract method). The protein content by (Pyne’s method), and the moisture and ash content determined through (gravimetric method). The total solids and fiber were assessed as per the standard procedure. All analysis were carried out according to IS: SP 18 (Part XI) 1981.
Viscosity of the Functional Buttermilk was evaluated by Lamy viscometer (B-one plus LR module). In this viscometer, low viscosity (LV), medium and high viscosity (HV) can be measured using different spindles based on the product. The duration of the spindle can be varied from 1 second to n seconds based on the product characteristics. The ideal temperature for measuring is 25°C. For this viscosity measurement of functional buttermilk, spindle L1 was used, with a spindle duration of 30 seconds.
The colour estimation was done by Spectrophotometer (3nh),  which calculated the intensity of colour in the developed functional buttermilk. It aids in the absorption of a certain wavelength of light by solutions. L* shows that darkness to lightness 0 to 100, a* greenness to redness -128 to 127 and b* blueness to yellowness -128 to 127. It works based on the principle of Beer-Lamberts law.
Water activity (aw) was measured by the equipment The LabSwift – aw. This system determines the fraction of free water in a test sample. For aw- value determination, the equilibrium air humidity over a sample (water - vapour pressure) is measured. This behaves proportional to the aw- value.
For microbiological analysis, dilutions of 1, 2, and 3 were used. Different media were employed for various tests: Violet Red Bile Agar for coliforms, Potato Dextrose Agar for yeast and mold, Coliforms were incubated at 37 °C for 18-24 hours, and yeast and molds at 30 °C for 3-5 days.
2.5 Statistical Analysis
Statistical Analysis The data were analyzed using R software (version 4.1.3) for statistical computing, with the dplyr and agricolae packages employed for data organization and processing. Response variables were collected from three replications of the trials, and ANOVA tables were generated to evaluate the effects of the variables on the response measures. When the F value was found to be significant, the critical difference (P = 0.05) was calculated using a formula to identify significant differences. The tables highlight significant differences among treatment means by using distinct superscripts.
C𝑟𝑖𝑡𝑖𝑐𝑎𝑙 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 (𝐶𝐷) = √(2 X MSS(E)  X tα)/r
Where, 
MSS (E) = Mean Sum of squares of the error 
r = number of replications 
tα = table t value of the α level of significance

Cow Milk (Fat 3.5 %, SNF 8.5 %)
Filtration
Addition of 5 % Foxtail millet flour based on milk
Heat treatment (90℃/5min)
Cooling 37℃
Inoculation of lactococci curd culture @ 2%, Incubation (37℃/6hr) 
Foxtail millet enriched Curd 
      Breaking the curd by agitation 
    Addition of pasteurized chilled water (1:1.5)
 Addition of rock salt at 1.0%
 Addition of Black cumin seed powder at 1.0%
Blending (under hygienic condition)
Functional Buttermilk enriched with Foxtail millet
Packaging (PET bottle,200ml) 
Refrigerated condition (4±1°C)
Fig. 1. Process Flow Chart for Production of Functional Buttermilk enriched with Foxtail millet

3. results and discussion

3.1 Effect on Sensory parameters of developed Functional Buttermilk enriched with Foxtail millet.
The average sensory scores for color and appearance were 7.98 for the control sample and 8.20 for the functional buttermilk enriched with 5% foxtail millet flour, 1% rock salt, and 1% black cumin seed powder. The body and texture scored 7.86 for the control, while the functional buttermilk received a higher score of 8.39. In terms of flavor, the control sample scored 7.91, whereas the developed functional buttermilk achieved 8.52. Overall acceptability, the functional buttermilk with the added ingredients was rated highest, with an acceptability score of 8.45 compared to 8.06 for the control, recorded (in table 1).
Abherajbhai, (2018) developed spiced cultured buttermilk by incorporating 1% cumin powder and 0.02% cumin oleoresin. The sensory evaluation results for this buttermilk were: Flavour (8.47), Colour and appearance (8.21), Body and texture (8.23), and Overall acceptability (8.45) on a 9-point hedonic scale. 
Table 1: Study on Sensory parameters of developed Functional Buttermilk enriched with Foxtail millet

	Samples
	Colour and Appearance
	Body and Texture
	Flavour
	Overall Acceptability

	C
	7.98b
	7.86b
	7.91b
	8.06b

	FBM
	8.20a
	8.39a
	8.52a
	8.45a

	CD(P=0.05)
	0.21
	0.42
	0.37
	0.32


Note: C = Control Buttermilk, FBM = Functional Buttermilk, the results were average of three trials (n=3), CD = Critical Difference, Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.2 Study on Chemical parameters of developed Functional Buttermilk 
The developed functional buttermilk exhibited a moisture content of 92.8%, which was lower than the control buttermilk (95.2%). In contrast, it showed higher total solids at 7.2% compared to 4.8% in the control. The fat content was also significantly higher in the functional buttermilk at 1.82%, whereas the control contained 1.4%. Similarly, the protein content increased to 2.42% in the functional buttermilk, compared to 1.6% in the control. The acidity level was slightly higher in the functional sample (0.40%LA) than in the control (0.35%LA). The ash content was elevated to 1.36% in the functional buttermilk, which was more than double that of the control (0.62%). Fiber, which was completely absent in the control sample, was present at 0.49% in the developed functional buttermilk (in table 2). Overall, functional buttermilk showed higher total solids, fat, protein, ash, acidity, and fiber with lower moisture, due to foxtail millet flour, rock salt, and black cumin seed powder incorporation.
Sanjay et al. (2020) reported that buttermilk with 1.5% cinnamon and 0.4% black salt and cumin showed higher total solids (10%), fat (0.78%), protein (1.58%), ash (1.74%), and acidity (0.77%LA) than control total solids (9.35%), fat (0.58%), protein (1.53%), ash (1.69%), and acidity (0.69%LA). And Abherajbhai, (2018) reported that buttermilk with 1% cumin powder and 0.02% cumin oleoresin had higher total solids (9.40%), fat (1.90%), protein (2.41%), ash (0.68%), carbohydrates (4.41%), and calcium (121.21 mg) than control total solids (8.44%), fat (1.70%), protein (2.21%), ash (0.63%), carbohydrates (3.90%), and calcium (107.03 mg).
Table 2: Study on chemical parameters of developed Functional Buttermilk
	Samples
	Moisture (%)
	Total solids (%)
	Fat (%)
	Protein (%)
	Acidity (%LA)
	Ash
(%)
	Fiber
(%)

	C
	95.2b
	4.8b
	1.4b
	1.6b
	0.35b
	0.62b
	0

	FBM
	92.8a
	7.2a
	1.82a
	2.42a
	0.40a
	1.36a
	0.49

	CD(P=0.05)
	1.81
	0.47
	0.10
	0.20
	0.02
	0.05
	-


Note: C = Control Buttermilk, FBM = Functional Buttermilk, %LA = percent Lactic Acid, the results were average of three trials (n=3), CD = Critical Difference, Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.3 Study on Anti-oxidant properties of developed functional Buttermilk
The antioxidant activity of the developed functional buttermilk was evaluated using the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay. The optimized formulation exhibited a 61.4% scavenging activity. In contrast, the control buttermilk demonstrated a much lower antioxidant capacity of about 38.2% scavenging activity. This marked difference clearly indicates that the incorporation of foxtail millet and black cumin substantially enhanced the radical scavenging potential of the buttermilk, thereby improving its functional value (table 3).
Fathima, (2023) reported that adding 7.5% black cumin oil to savory cake increased its antioxidant activity, achieving 92.13% DPPH scavenging capacity. Similarly, Abherajbhai (2018) found that spiced cultured buttermilk with 1% cumin powder and 0.02% cumin oleoresin showed 71.71% DPPH activity compared to 47.23% in the control, indicating enhanced antioxidant potential.
Table 3: Anti-oxidant properties of developed Functional Buttermilk
	Product
	DPPH Scavenging activity (%)

	C
	38.2b

	FBM
	61.4a

	CD(P=0.05)
	0.64


Note: C = Control Buttermilk, FBM = Functional Buttermilk, DPPH = 2,2-diphenyl-1-picrylhydrazyl, the results were average of three trials (n=3), CD = Critical Difference, Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.4 Study on rheological parameters of developed Functional Buttermilk
The viscosity of the functional buttermilk was significantly higher than that of the control, with values of 12.40 cP and 1.72 cP, respectively, indicating a noticeable difference between the two. Similarly, the water activity was lower in the functional buttermilk at 0.920 compared to 0.943 in the control, showing a significant reduction in water activity with the functional formulation. Regarding color, Functional buttermilk showed lower lightness (L* 66.07) than control (L* 79.24). It’s a* value (-0.40) was less negative than control (-1.64), indicating reduced greenness, while b* value was slightly lower (4.32) than control (4.69), showing reduced yellowness. These differences highlight significant variations in viscosity, water activity, and color parameters between the control and functional buttermilk samples.
A study conducted by Neeru et al. (2024) on a pearl millet-based fermented beverage, prepared using pearl millet, buttermilk, and deionized water, reported a viscosity of 22.31 cP.  Similarly, Trajkovska (2024) studied buttermilk enriched with blueberry pomace and reported the colour values of the freshly prepared sample as L*(73.9), a* (3.32), and b*(0.36), indicating that blueberry colour influenced the buttermilk colour. And Nandhini (2021) developed a functional yoghurt drink using African bitter leaf, whey protein concentrate (WPC), honey, and date syrup. The rheological parameter of functional yoghurt drink showed higher viscosity (29.20 cP) than control (6.27 cP) and lower water activity (0.80) than control (0.85).

Table 4: Study on rheological parameters of developed Functional Buttermilk

	Samples
	Viscosity(cP)
	Water Activity (aw)
	Colour

	
	
	
	L*
	a*
	b*

	C
	1.72ᵇ
	0.943ᵃ
	79.24ᵃ
	-1.64ᵇ
	4.69ᵃ

	FBM
	12.40ᵃ
	0.920ᵇ
	66.07ᵇ
	-0.40ᵃ
	4.32ᵇ

	CD(P=0.05)
	0.25
	0.01
	0.9
	0.46
	0.49


Note: C = Control Buttermilk, FBM = Functional Buttermilk, L* = Lightness • a*= Red-Green spectrum • b*= Yellow-Blue spectrum, cP = Centipoise the results were average of three trials (n=3), CD = Critical Difference, Similar subscripts indicate non-significance while different superscripts in the same column indicates significant difference.

3.4 Study on microbiological parameters on developed Functional Buttermilk
Microbiological analysis was performed on freshly prepared control and functional buttermilk to assess the presence of coliform bacteria as well as yeast and mold. The results showed that both the control and functional buttermilk samples had no detectable coliform or yeast and mold counts, indicating that the products were free from these common microbial contaminants. This suggests that the buttermilk samples were prepared under hygienic conditions.
Nandhini (2021) developed a functional yoghurt drink and reported that fresh samples of both the control and functional versions had no detectable coliform counts. While the control yoghurt showed no yeast and mold presence, the functional yoghurt exhibited a low yeast and mold count of 0.59 log₁₀ cfu/ml. Similarly, Paul and Ghosh (2017) prepared lassi enriched with whey protein concentrate and found that both the control and fortified samples were free from coliforms and yeast and mold contamination.

4. Conclusion

In conclusion, the incorporation of 5% foxtail millet, 1% rock salt, and 1%black cumin seed powder in the developed functional buttermilk significantly enhanced its sensory attributes, including colour, body and texture, flavour, and overall acceptability, compared to the control sample. The incorporation of these functional ingredients significantly improved the physicochemical parameters, including total solids, fat, protein, ash, acidity, and fibre content, while reducing moisture content. The antioxidant activity of the developed buttermilk was markedly higher, demonstrating enhanced radical scavenging potential due to the bioactive compounds present in foxtail millet and black cumin seed. The rheological evaluation revealed that the functional buttermilk had higher viscosity and lower water activity, contributing to improved texture and shelf stability. The colour values (L*, a*, b*) indicated noticeable yet acceptable variations, enhancing the natural appearance of the product. Microbiological analysis confirmed the absence of coliforms, yeast and mold, indicating hygienic preparation and product safety. Overall, the results indicate that the developed functional buttermilk is nutritionally enriched, microbiologically safe, and organoleptically acceptable, making it a promising functional dairy beverage.
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