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Abstract 

Chakka, a concentrated fermented dairy product obtained by whey drainage from dahi or yoghurt, 

serves as the base material for the preparation of the Indian traditional dessert shrikhand. Improving 

chakka yield, thereby enhancing shrikhand yield, while simultaneously improving its nutritional 

quality, is a growing area of interest. This study investigated the effect of incorporating little millet 

(Panicum sumatrense) and brown top millet (Urochloa ramosa) powders at 2-10% levels on chakka 

yield, whey drainage and production cost. Little millet supplementation significantly enhanced yield, 

achieving 73.57 ± 0.26% at 10% incorporation compared with 37.12 ± 1.86% in the control, while also 

demonstrating significantly improved whey retention. The cost of production decreased with increasing 

levels of millet incorporation in chakka, highlighting its potential as an economically viable fermented 

product that supports millet consumption and nutritional diversification. The water-binding capacity of 

millet polysaccharides improved the protein matrix stability in the developed product. These findings 

demonstrate millet-fortified chakka as a nutritionally superior, cost-effective alternative to traditional 

products, supporting sustainable utilization of underutilized millets in Indian dairy processing. 
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Introduction 

Fermentation is known as one of the most ancient and globally practiced methods of 

preserving and processing food. It has been a major factor in improving the safety, shelf life, 

sensory quality and nutritional value of foods. It is mainly the result of the metabolic activity 

of microorganisms that transform carbohydrates into organic acids, alcohols and other 

metabolites. This leads to the production of foods that are easier for the body to digest, have 

nutrients that are more readily absorbed and acquire desirable flavour and texture 

characteristics. Fermented foods also contain bioactive compounds and desirable 

microorganisms that contribute to human health by improving gut health and metabolic 

functions [1-3]. Fermented dairy products constitute a significant part of traditional and 

modern food chains around the world. In India, traditional fermented dairy products like 

dahi, shrikhand, lassi, mishti doi and chhach have cultural, nutritional and economic 

importance. These fermented dairy products are mainly based on lactic acid fermentation of 

milk, resulting in protein coagulation, texture development and improved storage life [4, 5]. 

Chakka is a concentrated fermented dairy product prepared by draining whey from dahi or 

yoghurt and is used as the base material for the preparation of shrikhand. Factors such as 

milk composition, heat treatment, fermentation and efficiency of whey drainage can affect 

the yield and quality of chakka. Whey generated during chakka production has a high 

biological oxygen demand and its disposal poses a significant problem in the dairy industry. 

The improvement of chakka yield with desirable texture and quality is an important objective 

in traditional dairy processing and value addition [6, 7]. Millets are small-seeded cereal crops 

that are known for their nutritional and functional properties, with epidemiological evidence 

indicating that regular consumption can reduce the risk of cardiovascular diseases and 

diabetes (millets have a low glycemic index), improve digestive health, and lower the 

incidence of certain cancers. Millets also aid detoxification, support immune and respiratory 

health, increase energy levels and help with muscle and nerve function. They may protect 

against degenerative conditions like metabolic syndrome and Parkinson’s disease [8-10]. 
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 These beneficial effects are largely attributed to their rich 

content of resistant starch, dietary fibre oligosaccharides, 

lipids, minerals and bioactive compounds, including 

phenolic acids, flavonoids, lignans, phytosterols, and other 

antioxidants [11, 12]. The addition of millets to fermented 

dairy products has the potential to increase the yield of the 

product by improving the water retention and protein-

polysaccharide matrix, which will help in reducing whey 

separation [13]. Incorporation of millets increases the 

nutritional value and helps in the sustainable use of 

underutilized cereals [7, 14, 15]. 

Little millet (Panicum sumatrense) and brown top millet 

(Urochloa ramosa) are classified among the underutilized 

millets, despite their rich nutritional composition and 

functional properties. Limited consumer awareness, 

restricted product diversification and minimal integration 

into mainstream food processing have constrained their 

wider utilization. In this context, the present study focuses 

on incorporating these underutilized millets into the 

traditional fermented dairy product chakka to improve 

product yield, reduce whey losses and enhance nutritional 

value. The integration of millets into fermented dairy 

systems such as chakka offers a promising approach for 

value addition, diversification of traditional dairy products 

and sustainable utilization of nutritionally superior but 

underexploited cereal resources. 

 

Materials and Methods 

Procurement and Preparation of Raw Materials 

Standardised milk (4.5% fat, 8.5% solids-not-fat) was 

procured from a local market in Thrissur, Kerala, India. 

Yoghurt starter culture (Lactobacillus 

delbrueckii subsp. bulgaricus and Streptococcus 

thermophilus) was procured from the Department of Dairy 

Microbiology, Verghese Kurien Institute of Dairy and Food 

Technology, Kerala Veterinary and Animal Sciences 

University, Mannuthy, Thrissur. Little millet and brown top 

millet grains were procured from Milletology Pvt. Ltd, 

Coimbatore. The grains were cleaned to remove impurities, 

soaked in water for 4-5 hours and dried at 65 °C for 4 hours 

in a tray drier. They were then roasted in a pan. 

 

Formulation and Processing of Chakka 

The method suggested by Joshy [16] was slightly modified to 

prepare millet-incorporated chakka. The millet powders 

were incorporated into milk at levels of two, four, six, eight 

and 10% before fermentation. The milk-millet mixtures 

were heat-treated at 90 °C for 10 minutes and cooled to 42 

°C. The samples were inoculated with yoghurt culture at the 

rate of one per cent and incubated at 42 °C for 5-6 hours 

until firm curd formation. The resultant curd was then 

transferred to muslin cloth and allowed to drain whey under 

controlled conditions to obtain chakka. 

 

Yield Determination 

Chakka yield was calculated as: 

 

Chakka yield (%) = (
Weight of chakka (g)

Initial weight of raw materials (g)
) × 100 

 
Chakka yield was calculated based on the initial weight of 

milk (g) for the control and total initial weight of milk (g)+ 

millet powder (g) for fortified treatments. 

Whey drainage was quantified volumetrically (mL/100 mL 

initial milk) 

 

Cost Analysis 

Production costs were estimated based on local market 

prices for raw materials and processing inputs, expressed as 

cost per kg of chakka. 

 

Statistical analysis 

Experiments were conducted in triplicate, with results 

expressed as mean ± SE. ANOVA assessed millet 

incorporation effects on chakka yield and whey drainage 

separately for little and brown top millets, followed by 

Tukey's HSD test (p ≤ 0.001) for mean separation, using 

SPSS software. 

 

Results 

Chakka Yield and Whey Drainage 

The yield of chakka increased significantly (p < 0.001) with 

increasing levels of millet incorporation in both little and 

brown top millet formulations (Table 1). In little millet-

incorporated chakka, yield increased from 37.12% at zero 

per cent incorporation to 73.57% at 10% incorporation, with 

each incremental level showing a statistically significant 

improvement. Brown top millet also exhibited a significant 

rise in yield; however, the magnitude of increase was 

comparatively lower, reaching 58.25% at 10% 

incorporation. 

At corresponding incorporation levels, little millet 

consistently produced higher yields than brown top millet, 

particularly at additions above six per cent. The enhanced 

yield may be attributed to the higher starch and water-

binding capacity of little millet, which promotes greater 

moisture retention and reduced whey separation during 

chakka formation. 

 
Table 1: Effect of little and brown top millet incorporation level on the yield (%) of chakka 

 

Sl. No. Incorporation level (%) 
Yield 

t-value 
Little millet (%) Brown Top millet (%) 

1. 0 37.12 ± 1.86ᵃ 37.12 ± 1.86ᵃ 0.00 

2. 2 40.33 ± 0.15ᵃ 39.42 ± 0.99ᵃ 1.54 

3. 4 44.21 ± 0.56ᵇ 45.22 ± 0.56ᵇ −2.48 

4. 6 54.65 ± 0.33ᶜ 47.23 ± 0.46ᵇᶜ 22.1 

5. 8 59.43 ± 0.67ᵈ 54.73 ± 0.74ᶜ 8.28 

6. 10 73.57 ± 0.26ᵉ 58.25 ± 0.33ᵈ 63.9 

F 412.6, p < 0.001 186.3, p < 0.001  

Values are mean ± SE (n = 3). Different superscript letters within a column indicate significant difference (p ≤ 0.001). 
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Fig 1: Difference in yield and whey drainage in millet- incorporated chakka 

 

The quantity of whey drained decreased significantly (p < 

0.001) with increasing millet incorporation levels in both 

little and brown top millet-incorporated chakka (Table 2). In 

little millet formulations, whey drainage dropped sharply 

from 49.21 ml/100 ml at 2% incorporation to 10.87 ml/100 

ml at 10%, with significant reductions up to 6% beyond 

which differences were not statistically significant. Brown 

top millet formulations similarly showed marked reductions, 

from 60.76 ml/100 ml at 2% to 18.00 ml/100 ml at 10%, 

though the extent was less pronounced than with little 

millet. Overall, little millet demonstrated superior whey 

retention, especially at higher levels, likely due to its higher 

starch content and enhanced gel-forming properties, which 

support the protein-polysaccharide network and reduce 

serum expulsion during chakka formation. 

 
Table 2: Effect of little and brown top millet incorporation level on whey drainage (%) of chakka 

 

Sl. No Millet incorporation level (%) 
Whey drainage (ml/100 ml) t-value 

Little Millet Brown Top millet  

1. 2% 49.21 ± 0.37ᵃ 60.76 ± 0.45ᵃ −34.6 

2. 4% 27.47 ± 0.98ᵇ 39.58 ± 0.96ᵇ −15.5 

3. 6% 21.23 ± 0.77ᶜ 44.14 ± 0.12ᵇ −47.1 

4. 8% 19.46 ± 0.33ᶜ 22.43 ± 0.67ᶜ −6.76 

5. 10% 10.87 ± 0.37ᶜ 18.00 ± 0.00ᶜ −33.4 

F value F = 312.8, p < 0.001 184.5, p < 0.001  

 

Values are mean ± SE (n = 3). Different superscript letters 

within a column indicate significant differences (p ≤ 0.001) 

according to Tukey’s HSD test. 

 

Production Cost 

The cost of production of millet-incorporated chakka 

decreased with increasing levels of millet incorporation in 

both formulations (Table 3). Little millet showed a 

pronounced and consistent reduction in cost, declining from 

197.14 at 0% to 106.76 at 10% incorporation, whereas 

brown top millet exhibited a comparatively smaller decrease 

and remained costlier at corresponding levels. Overall, the 

incorporation level significantly influenced production cost, 

with little millet demonstrating greater economic efficiency. 

 
Table 3: Production cost (₹/kg chakka) for different levels of 

millet incorporation 
 

Treatment 
Cost (₹/kg) 

0% 2% 4% 6% 8% 10% 

Little 
197.14 

174.32 159.73 136.00 128.17 106.76 

Brown top 186.08 173.67 177.66 161.79 160.65 

 

Discussion 
The significant enhancement in chakka yield upon millet 

incorporation (up to 73.57 ± 0.26 for 10% little millet vs. 

37.12 ± 1.86 control) aligns with the high water-binding 

capacity of millet polysaccharides and dietary fibres, which 

stabilize the protein matrix during acidification and 

syneresis. These hydrocolloids form a gel network that 

entraps water, thereby preventing phase separation and 

whey expulsion, a phenomenon similar to that observed by 

Wang [17] in yoghurt containing millet and milk. Little millet 

outperformed brown top millet, likely due to its higher 

soluble fiber (β-glucan) content (8.2% vs. 6.5%) and 

amylose ratio (22% vs. 18%), fostering superior viscosity 

and gel strength [18]. A comparative study by Akshitha [19] 

also reported that little millet contained a higher starch 

content than brown top millet. 

The gradual reduction in whey drainage (down to 10-18 

mL/100 mL at 10% incorporation) supports earlier work on 

the addition of pseudocereals and millets to fermented 

milks, where non-starch polysaccharides were shown to 

enhance water retention by 20-35% through hydrogen 

bonding and steric inhibition [20]. The yield enhancement 

observed here substantially exceeds that reported for pearl 

millet in conventional shrikhand, underscoring the potential 

of underutilized millets in developing high-value dairy 

products [16]. 

The cost of production of millet-incorporated chakka 

decreased with increasing levels of millet incorporation in 

both formulations. This makes millet-chakka an attractive 

alternative to traditional fermented products, thereby 

encouraging the consumption of millet in the context of 

nutritional diversification. 

 

Conclusion 

The addition of little millet and brown top millet powder to 

standardised milk resulted in a substantial increase in 

chakka yield (up to 73%) and decreased whey drainage 

compared to the control (37%), due to the enhanced water-
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 binding properties of millet polysaccharides and fibers, 

where little millet performed better than brown top millet 

due to its higher β-glucan content. Overall, increasing levels 

of millet incorporation significantly reduced the cost of 

production of chakka, making millet-incorporated chakka a 

cost-effective alternative to conventional fermented dairy 

products. This economic advantage, combined with the 

improved functional and nutritional attributes, highlights the 

potential of millet-based chakka as a viable product for 

promoting millet consumption and supporting nutritional 

diversification. The results make millet-fortified chakka a 

nutritious and affordable alternative to conventional dairy 

products, aligning with the promotion of millets in India and 

requiring further research on microstructure and digestibility 

improvements. Future studies should investigate 

microstructural (SEM) and rheological analyses to better 

understand fiber-protein interactions, in addition to in vivo 

digestibility studies. 
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